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In August 1959, the President directed the 
Secretary of Health, Education, and Welfare 
to intensify Departmental activities in the field 
of radiological health. The Department was 
assigned responsibility within the Executive 
Branch for the collation, analysis and inter- 
pretation of data on environmental radiation 
levels. The Department delegated this respon- 
sibility to the Division of Radiological Health, 
Public Health Service. 


Radiological Health Data is published by the 
Public Health Service on a monthly basis. Data 
are provided to the Division of Radiological 
Health by other Federal agencies, State health 
departments, and foreign governments. Perti- 
nent original data and interpretive papers are 
invited from investigators. Accepted material 
will be appropriately credited. The reports are 
reviewed by a Board of Editorial Advisors with 
representatives from the following Federal 
agencies: 


Department of Health, Education, and 
Welfare 

Atomic Energy Commission 

Department of Defense 

Department of Agriculture 

Department of Commerce 


Contributions may be sent to the Radiological 
Health Data and Reports Staff, Division of 
Radiological Health, Public Health Service, 
Washington 25, D.C. 

For further information on any subject re- 
ported in this issue, readers are referred to the 
contributors indicated in article headings. 





For subscriptions to Radiological Health 


Data, please use the order form on last page of 
this issue. 
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SECTION L—AIR AND FALLOUT 


Fission Product Beta Activity in Airborne Particulates and Precipitation 


Quick and sensitive detection of fission prod- 
uct activity fluctuations in the environment is 
possible through a program of continuous sur- 
veillance of gross beta activity in air and pre- 
cipitation. The information obtained through 
surveillance does not alone permit evaluation 
of biological effects due to fallout but it does 
form the basis of alerting systems and can be 
used as a rough guide to when and where more 
extensive monitoring of radioactivity in food, 
milk, and water is necessary. 

December 1962 gross beta concentrations 
are presented here in reports from the Radia- 
tion Surveillance Network, 80th Meridian 
(West) Sampling Program, Canadian Radio- 
active Fallout Study Program, and the Mexican 
Radioactive Fallout Program. Data from the 
National Air Sampling Network for fourth 
quarter 1962 and from the National Commit- 
tee for Nuclear Energy in Rome, Italy for all 
f 1961 are also presented. Because of differ- 
ences in equipment and techniques, the results 
‘f one network’s surveillance are not directly 
‘comparable with those of another. However, 
intercalibration factors for comparing the re- 
sults of three networks have been determined 
in a study conducted by Lockhart and Patter- 
son of the U.S. Naval Research Laboratory 
(1, 2). Using these factors, a 1.00 uuc/m* read- 
ing by the Canadian Air Monitoring Network 
would correspond to a 0.65 uuc/m* reading by 
the Radiation Surveillance Network and a 1.12 
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uuc/m* reading by the NRL 80th Meridan Net- 

work (2). These intercalibration factors are 

subject to the uncertainty of air volume meas- 
urements and may not be expected to hold for 
very young fission products. 

REFERENCES 

(7) Lockhart, L. B., Jr., and R. L. 
Intercalibration of Some Systems 
Monitoring Fission Products in the 
NRL Re port 5850, Washington, D.t 
1962). 

(2) Lockhart, L. B., Jr., and R. L. Patterson, Jr.: 
Intercalibration of Some Air Monitoring Systems, 
Radiological Health Data, 3:466—70, Superintendent 
of Documents, Government Printing Office, Washing- 
ton 25, D.C. (December 1962). 


Patterson, Jr.: 
Employ d mn 
itmosphe re. 
(November 13, 


RADIATION SURVEILLANCE NETWORK 
December 1962 


Division of Radiological Health, 
Public Health Service 


The Radiation Surveillance Network (RSN) 
comprises 72 sampling stations distributed 
among the fifty States, Guam, and Puerto Rico 
(see figure 1). These stations are manned pre- 
dominantly by State Health Department per- 
sonnel. 

Air 

Daily 24-hour air samples are collected by a 
high-volume air sampler with a 4-inch diam- 
eter carbon-loaded cellulose dust filter. Field 
estimates of the gross beta activity of airborne 
particulates are derived by comparing portable 
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FIGURE 1. 
SION PRODUCT BETA CONCE}? 


survey meter readings of these filters with 
readings taken from a Sr*”’—Y"’ known activity 
source. This determination is usually made 
about 5 hours after end of collection to elim- 
inate interference from  naturally-occurring 
radon daughters. The Network’s station opera- 
tors contribute to a daily national report by 
telephoning their field estimates to the Radia- 
tion Surveillance Center, Division of Radio- 
logical Health, Washington, D.C. 

The filters are then forwarded to the Radia- 
tion Surveillance Network laboratory in 
Rockville, Maryland, for a more refined meas- 
urement using a thin-window gas-flow propor- 
tional counter. Each filter is counted at least 
3 days after the end of the sampling period 
and re-counted 7 days later. The initial 3-day 
aging of the sample eliminates interference 
from naturally-occurring radon and _ thoron 
daughters. The two counts, separated by a 7- 
day interval, are used to estimate the age of 
fission products and to extrapolate the activity 
to the time of collection. The extrapolation is 
performed by using the Way-Wigner formula 
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tK SAMPLING STATIONS AND AVERAGE FIS- 
IT ; 


RATIONS IN AIR (u“uc/m*) 


(AT! constant) * The daily concentrations 
and estimated age are reported by the Public 
Health Service (1). 

The average fission-product beta concentra- 
tions in surface air during December 1962, as 
determined by laboratory analysis and extrap- 
olated to the time of collection, are given in 
table 1 and presented by means of concentra- 
tion contours in figure 1. 


Precipitation 

Continuous sampling for total precipitation 
is conducted at most stations on a daily basis 
using funnels with collection areas of 0.4 m° 
A 500-ml aliquot of the collected precipitatio1 
is evaporated to dryness, and the residue i: 
forwarded to the laboratory to be counted by) 
the same method used for analyzing the air 
samples. If the collected sample is between 200 
and 500 ml, the entire sample is evaporated; if 
less than 200 ml (equivalent to 0.5 mm or 0.02 
inches of rainfall), the volume of precipitation 


In this expression, A is the activity and T is the 
time after fission product formation. 
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IGURE 2.—MONTHLY AND YEARLY PROFILES OF BETA ACTIVITY IN AIR, RADIATION SURVEIL- 


LANCE NETWORK, 


s reported, but no analysis is made. December 
962 averages of gross beta activity in pre- 
ipitation, expressed in micromicrocuries per 
iter (uyuc/liter) and millimicrocuries per 
quare meter (muc/m*), are presented in 
able 2. 


rofiles 


Profiles of the monthly average fission prod- 
ict beta activity in airborne particulates for 
ach RSN station covering the period of time 


April 1963 


1956-DECEMBER 1962 


from the formation of the network in 1956 to 
the end of 1960 were published in RHD, July 
1961. Profiles of 5 stations, updated through 
December 1962, are shown in figure 2. An in- 
dex to the RHD issue having the most recent 
profile for each station is given in the last 
column of table 1. 


REFERENCE 

(1) Radiation Surveillance Network: Monthly Tabu 
lation of Findings, Division of Radiological Health, 
Public Health Service, Washington 25, D.C. (Dis 
tribution by Official Request). 
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THE 80TH MERIDIAN (WEST) 
SAMPLING PROGRAM 
December 1962 


U.S. Naval Research Laboratory 


Since 1956 the U.S. Naval Research Labora- 
ory (NRL)* has been making radioactivity 
measurements of surface air samples collected 
it various sites (see figure 3) near the 80th 
Meridian (West). Interested agencies of the 
United States, Canada, Ecuador, Peru, Bolivia, 
ind Chile participate in the 80th Meridian pro- 
gram by collecting air samples and forwarding 
them to NRL for analysis. The Division of 
Biology and Medicine, U.S. Atomic Energy 
Commission, provides partial financial support 
for this program. 

The sampling procedure involves drawing 
air continuously for a 7-day period at a rate 
of approximately 1200 cubic meters per day 
through an 8-inch diameter, high-efficiency 
filter, using a positive-displacement blower. 
After the 7-day period, the filter is removed 
and forwarded to NRL for assay of gross beta 
activity. A minimum of 2 weeks after collec- 


Editor’s note: Effective January 1, 1963, adminis- 
tration of the 80th Meridian (West) Sampling Pro- 
gram was turned over to the Health and Safety 
Laboratory, Division of Biology and Medicine, AEC, 
by the U.S. Naval Research Laboratory. 


tion is allowed for decay of short-lived radio- 
nuclides. December 1962 data in table 3 are not 
extrapolated to time of collection. 
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FIGURE 3. ATMOSPHERIC RADIOACTIVITY 
SAMPLING STATIONS NEAR THE 80TH 
MERIDIAN (WEST) 
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NATIONAL AIR SAMPLING NETWORK 
Fourth Quarter and Annual Summary 1962 


Division of Air Pollution, 
Public Health Service 


The necessity of having basic data on the 
nature and extent of air pollution throughout 
the United States led to the organization of the 
National Air Sampling Network (NASN) in 
1953. The NASN analyzes air samples for the 
total quantity of suspended particulate matter, 
benzene soluble organic matter, and gross beta 
radioactivity. Selected samples are also ana- 
lyzed for nitrates, sulfates, and a number of 
metals. These analyses aid in the detection of 
trends in levels of pollution with respect to 
time, location, population density, climate, and 
other factors associated with air quality. 


Gross Beta Activity in Air 

NASWN stations (see figure 5) are manned 
by cooperating Federal, State, and local agen- 
cies. The current basic network consists of 110 
sampling stations which operate every year in 
73 large cities and 37 nonurban areas. In addi- 
tion, there are stations in 130 cities which op- 
erate every other year. There are 240 sampling 
stations in all in the NASN network, of which 
175 are active in any given year. 

At the stations, continuous 24-hour samples 
of suspended particulate matter are taken. The 
samples, representing approximately 2,000 
cubic meters of air, are collected on glass fiber 
filters on a biweekly random sampling sched- 
ule. They are then sent for analysis to the Net- 
work laboratory in Cincinnati, Ohio. Fourth 
quarter and annual summary 1962 data are 
presented in tables 4 and 5. 
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faBLe 4.—FISSION PRODUCT GROSS BETA ACTIVITY IN SURFACE AIR, NASN, FOURTH QUARTER 1962—Cor 


Concentration 
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Samples mum mult Sa 
enn Va 
( hattanooga t 8.5 8.7 6.2 Dar 
Memphis t 7 11.8 7 N I 
Nashville o 5.7 11.7 aa Shenand Nat. | . ‘ s s 
exXas W asi 
Aransas Co* t 1.4 15.4 8.4 ( Co* 
Cor} is © f 1 .¢ in ¢ 7 wy ~ ) 
Dallas t 2.1 21.0 S.f la 
El Paso t t.4 15.5 8.9 W.\ 
rt. Wort 7 1.4 23 .0 7.0 ( 
Hlouston 5 0.4 21.0 7.0 Huntir j 
san Anton t 0.5 13.0 15 \\ 
Waco f 0 11.0 2). 1 Door ( . 
Milwauke 2 
Salt Lake ( \ t 7.4 is .f 12.0 R n 
VW 
Burlingtor ) 0.9 6.2 t.4 ( n s 
Orange ( { 0.9 1 c- 


* Nonurban Station 
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Ind 
Birmingha a 0 .7 7 .O | ( ; 
Mobile 25 l lt). 7 .f | ins t 
aska | t W s 
Ar ige 25 0.2 11.1 ‘ ~ 
Pt. Woronzof* 295 0.1 7 .f 1 Indianay 
| ke ( ’ 
Grand Canyon Pk* Pt 0.5 23.8 ) low 
Maricopa Co* r 0.9 ~ 10.2 ey " Co* 
Phoenix 25 0.7 21.4 1.7 Des M 
Pucson 20 2. IS 8.4 Nan 
kK insa ( 
Little Rock 2 0.2 ».¢ t WW 
Montgomery Co* 3 0 20.0 9 i K 
f | Q . 
Burbank 22 2.5 20.2 6.7 La 
Fresno Jt 2.0 2 ; ff Baton R » 
Humboldt Co* 19 0.2 9.7 0 Lake ¢ 
Los Angeles 24 1.2 20 Hf New O 
Oakland 25 0.7 16.8 ) M , 
Pasadena 2 1.8 Los 6.8 \ lia N | % 
Richmond 24 0.1 11.5 +4 Portland i ( ‘ 
Sacramento Zt 0.7 1M. D.o Mad 
San Diego 25 0.Y 18.7 i. Baltin 
San Francisco 2] 0.5 25.5 5. Calvert ( 
Santa Barbara 25 0.7 21.4 6.1 Ma 
ri B I 
Denver 24 1.2 17.0 ) Fall R 
Montezuma Co* 25 1.4 17.8 S.¢ I “ I 
nn Lynt y s s 
Bridgeport oy 0.4 13 6.4 Quincy 1.8 ‘ 
Hartford 2 0.3 10 ».2 Sor " r 
New Haven Zt 0. TR >. Springte ‘ 
Stamford Zt 1.1 11.7 5.0 Mic! 
ly » 
Kent Co* 14 0.3 28.4 6.7 (Grand Rapid 
Wilmington 25 0.3 12.8 1.9 Kalama S 
( Lansing 
Washington 23 | 14.0 6.3 Saginaw 
i Minn 
Florida Keys* 25 0.5 11.7 = Minne 5 
Jacksonville 26 0.4 21.4 6.7 St. I 24 8 
Orlando 1] L.5 33.0 Qf M 
St. Petersburg 23 1.0 21.¢ 6.7 lack 0.5 
lampa 24 0.6 18.3 7.0 Jack Co* , 
4 M 
Atlanta 25 0.9 18.2 6.0 Kansas Cit 2 ' 8s .0 
Columbus 26 1.5 18.0 7.4 Shannon Co* 2 
Macon 24 cow 14.2 5.9 St. Le ) 
awall NMlont 
Honolulu 26 0.7 11.1 t.0 Glacier Nat k* } 
Kahaluu 25 1.0 16.8 3.9 Helena 
laho Nebr 
So018e 26 2.0 19.0 7.5 Lin lr t » 
Butte Co* 23 2.1 14.4 7.4 Omaha , 
r} mas ( ° «' 
Chicago 26 1.1 12.7 5.7 Ne 
Cicero 19 1.3 10.4 5.5 Las Vega 20 s 2 
Peoria 24 1.7 11.1 6.2 White Pine Co* ) 4.0 
Springfield 22 1.9 lf 6. 
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FISSION PRODUCT GROSS BETA ACTIVITY IN SURFACE AIR, NASN, ANNUAL SUMMARY, 1962 
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Gross Beta Activity in Precipitation 


During 1959 a precipitation collection and 
analysis program was established by the 
Weather Bureau Research Station in Cincin- 
nati, Ohio and the National Air Sampling Net- 
work. Monthly composite samples of precipita- 
tion are collected at 29 stations, which are 
located at Weather Bureau offices or airports. 
They are then forwarded to the Network labo- 
ratory for analysis. 

The laboratory analyzes these samples for 
total solids and for a large number of metals 
and nonmetals. In addition, each sample is ana- 
lyzed for fission product gross beta radioactiv- 
ity if a _ sufficient volume of precipitation 
remains after chemical analyses have been 
made. 


CANADIAN RADIOACTIVE FALLOUT 
STUDY PROGRAM 


December 1962 


Department of National Health and Welfare, 
Ottawa, Canada 


As part of its Radioactive Fallout Study 
Program (RFSP), the Radiation Protection 
Division of the Canadian Department of Na- 
tional Health and Welfare monitors air and 
precipitation. Twenty-four RFSP collection 
stations are located at airports (see figure 6) 
where the sampling equipment is operated by 
meteorologists of the Meteorological Services 
Branch of the Department of Transport. De- 


\ pote ra . hf tx SAMP 


FIGURE 6.—CANADIAN AIR AND PRECIPITA- 
TION SAMPLING STATIONS 


April 1963 


tailed discussions of the sampling procedures, 
methods of analysis, and interpretation of 
results of the radioactive fallout program are 
contained in the Department’s reports (1-2). 


A ir 


In the collection of air samples, about 650 
cubic meters of air are drawn through a high- 
efficiency 4-inch-diameter filter during a 24- 
hour period. These filters are sent daily to the 
Radiation Protection Division Laboratory in 
Ottawa. At the laboratory, a disk 2 inches in 
diameter is removed from each filter and 
counted with a thin-end-window Geiger flow 
counter system, calibrated with a Sr*-Y* 
standard. Four successive measurements are 
made on each filter to allow for the presence of 
natural activities and for the decay of short- 
lived fission products. The result is extrap- 
olated to the end of the sampling period. 
Canadian air data for December 1962 are 
given in table 7. 


TABLE 7.—FISSION PRODUCT GROSS BETA ACTIVITY 
IN AIR, RESP, DECEMBER 1962 
Ave 
N 
~ May 
( ary x 
( al Ha 7 ( 
Edmonton % 
} co : 
I W illia 
Ire rict Sg 
(504 Ba { 
In , S 
Mon l () 
Mooson ( ~ 
Ottawa { t 
Regina SB .4 
Resolute {) a 
kate n S.4 
Sault S M 8 
= earwa {) 
Torbay x 
loront " 
\ inco 
W hite 
W indso 
W innipe 
Yellowkr s 
Average ~ 


Precipitation 

The amount of radioactive fallout being de- 
posited on the ground is determined from 
measurements on material collected in special 
polythene-lined rainfall pots. After transfer of 
the water to the sampling container, the poly- 
thene liner is removed, packed with the sample, 
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Paste 8.—FISSION PRODUCT GROSS BETA ACTIVITY IN PRECIPITATION, RFSP, DECEMBER 1962 


Deposition of specific radionuclides for selected samples 
; Total beta activit myc /m- 
S ~ Zr ( Ba 
( 2 9410 22 .4 2.10 0.15 2.838 0.39 0.8 
( »1 800 224 
| \ 0) R57 
( } 2 35, : 
| Se) | ) " 0 22 .4 OLD > 
1 S54 4 
I SUD > 
| 140 7 
~ 1) 7.8 
| Z t) “Ss 1) 
050 ve 7 OY $2 l Ss I 
230 72 
2) 2 »s > 2.94 22 
A rs { is 0) 7 U i 
\ ) n-90, barium-137, and niobium-9 
and sent to the laboratory. December 1962 (4) Beale, J., and J. Gordon: The Operation of the 
‘ if tj ‘ C 2 . 1j Radiation Protection Division Air Monitoring Pro 
vavan ‘ ‘ ‘ . ‘ ‘ ‘ > re , — , . x 
precipitation data for Canada, including some gram, CNHW (RPD-11), (July 1962). 
radiochemical analyses, are shown in table 8. (5) Booth, A. H.: The Calculation of Maximum Per- 
missible Leve ls of Fallout im Air and Wate r ava 
Their Use in Assessing the Significance of 1961 


Levels in Canada, CNHW (RPD-21), (August 1962) 
REFERENCES , . 
Recent Coverage in Radiological Health Data: 


(7) Bird, P. M., A. H. Booth, and P. G. Mar: Annual Period Issue 
Report for 1959 on the Radioactive Fallout Study 
Program, CNHW (RPD-3), (May 1960). Third quarter 1961 May 1962 

(2) Bird, P. M., A. H. Booth, and P. G. Mar: Annual Fourth quarter 1961 September 1962 
Report for 1960 on the Radioactive Fallout Study First quarter 1962 October 1962 
Program, CNHW (RPD-4), (December 1961). Second and third 

(3) Mar, P. G.: Outline of Procedure for the Radio- quarters 1962 January 1963 
che m eal Analysis of Dried Milk Powde rs for Stron- October 1962 Fe bruary 1963 
tium and Yttrium, CNHW (RPD-5), (June 1, 1960). November 1962 March 1963 
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‘(EXICAN RADIOACTIVE FALLOUT 
ROGRAM 


ecember 1962 


| adiological Protection Program, 
).ational Commission of Nuclear Energy, 


)lexico 


The Radiation Surveillance Network of 

exico was established by the “Comision Na- 
«onal de Energia Nuclear” (CNEN) through 
is Radiological Protection Program (RPP) in 
1961 to provide a means for determining in- 
creased levels of radioactivity in air and pre- 
cipitation due to fallout from nuclear tests. 

Prior to the establishment of the network, 
two pilot sampling stations were set up in 
Mexico City and San Luis Potosi to aid in the 
selection of equipment and sampling sites. 
Since April 1962 the network has been ex- 
panded to twelve stations, ten of which were in 
operation by the end of December 1962 (see 
figure 7). 

Seven of the ten sampling stations are lo- 
cated at airports and are operated by airline 
personnel. The remaining three stations are 
located at Mexico City, Merida, and Veracruz. 
Staff members of the RPP operate the station 
at Mexico City, while the other two stations 
are manned by members of the “Centro de 
Prevision del Golfo de México.”’ 


Sampling 


The sampling procedure involves drawing 
air 24 hours a day, 3 or 4 days a week at the 
rate of approximately 1,200 cubic meters per 
day, through a 6” x 8&8” high-efficiency glass 
fiber filter, using high volume samplers. After 


ipril 1963 
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FIGURE 7. 








FALLOUT NETWORK 
STATIONS IN MEXICO 


SAMPLING 


each 24-hour period the filter is removed and 
forwarded via airmail to the “Laboratorio de 
Desechos Radiactivos,” CNEN, in Mexico City 
for assay of gross beta activity. A minimum of 
3 or 4 days after collection is allowed for decay 
of radon and thoron daughters. 
extrapolated to time of collection. 
The maximum, minimum, and average fis- 
sion product beta concentrations in surface air 
during December 1962 are presented in table 9. 


Data are not 


TaBLeE 9.—GROSS BETA ACTIVITY OF AIRBORNI 
PARTICULATES, MEXICO, DECEMBER 1962 


Numbe 
Station of Minimum | Max Ave 
samples 
Acapulco t 1.3 2.4 
Ciudad Juarez 7 a8 16.4 
Ensenada 5 , 1 8.5 10.¢ 
Mérida 13 7 | s g 2 
San Luis Potosi 6 2.3 6.8 1.1 
Torre6én 6 6.0 17 .¢ 11.5 
Veracruz 14 0.1 ) , 4 
Average Q 4 
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Radioactivity of Surface Air and Fallout, Italy, 1961 


Division of Biology and Sanitary Protection 


National Committee for Nuclear Energy (Italy) 


The Republic of Italy, including the islands 
of Sardinia and Sicily, compares in latitude 
with those States ranging from Maine through 
Virginia in the United States. Comparisons of 
air and fallout data from the two nations are 
therefore of some interest. 

This review summarizes air and fallout data 
from selected stations (see figure 1) taken 
from two semiannual reports (1, 2) of the 
Comitato Nazionale Per L’Energia Nucleare 
(CNEN). The selected data originated from 
12 cooperating agencies or organizations in ad- 
dition to CNEN. 


Air Sampling 


Of the 44 air sampling stations reported by 
CNEN, 33 were selected for this review be- 
cause of their uniformity in equipment, mate- 
rials, and techniques. Continuous daily sam- 
ples of airborne particulates were collected on 
5-cm diameter type SS 589! filter paper,” with 

National Committee for Nuclear Energy (Italy). 

Filter paper SS 589° is manufactured by Car! 
Schleicher and Schuell Co., Germany. It has a fission 


product retention efficiency of approximately 95 per- 
ent. 


a rate of 100 to 250 m'*/day. The sampler 
height varied from 1 to 55 meters above 
ground. Filter gross beta activities were dete)- 
mined 5 days after sampling with end-window 
G.M. counters calibrated with KCl reference 
standards. Table 1 presents the monthly aver- 
age fission product gross beta concentrations in 
surface air for the 33 selected stations durin 
the calendar year 1961. 


~ 


Fallout Measurements 


Monthly fallout samples (including rain) 
are collected and analyzed by several different 
methods. The following 3 methods, represent- 
ing 30 stations were selected for this review 
(see table 2). 

A. Rain gage with ion exchange resin. This 
device was used at 17 fallout collection sta- 
tions. The sample is prepared for counting by 
calcination of the resin. 

B. Cylindrical pot with ion exchange resin. 
Nine stations utilized this device for collection 
of total fallout. In each case preparation of the 
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FIGURE 8.—AIR AND FALLOUT SAMPLING L¢é 
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: sample for counting involved incineration of 
: the resins. 

C. Cylindical pot. The cylindrical pot with 
| no ion exchange resins was used at 4 of the 
. stations. Preparation in this case was by evap- 
| oration. 


: Radionuclide Analyses of Fallout Samples 
In addition to the gross beta radioactivity of 
fallout samples, the samples collected at Ispra 
were analyzed for numerous radionuclides. 


PaBLeE 2.—GROSS BETA ACTIVITY IN MONTHLY 


Monthly fallout ley 


| ,70 0 ) 0.20 lf 0.38 0.20 0.10 0.14 0.18 7 54 5) 
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Pad 0.60 0 0.453 9 2 8 2 5 , 0.54 10 145 100 
() 3 0.20 0 0.07 0.4 0.89 0 0.29 0.64 27) 78 4 
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Cylind al t with ion-exchange resins 
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I 0.80 0.29 0.18 2 4 1.5 1.0 1.2 0 ) ®, 50 77 120 
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i I 2 0.48 0.95 9 4 1.7 5 0.4 0.44 0.49 59 995 74 
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} 0.28 0.5 0 OF > | 9 l 0.32 7 162 83 120 
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lspr 0.55 0.9 0.17 ®, 2 8 1.1 2.1 0.60 13 * 125 * 149 * 36 ”* 
Mil ( 0.8] 1.7 0.29 0 1.9 2.9 > 1 0.88 1.6 58 247 76 
Napol B’ ] 1.9 , 4 1.0 0.59 0.68 12 4] 181 145 
* Value orrected for self-absorption and radioactive decay (with reference to the 15th day of the collection month-22nd day in the case of September 
September 6: October, 510; November, 555: December. 110 ne/m? 
TABLE 3 ANALYSES OF VARIOUS RADIONUCLIDES IN THE MONTHLY FALLOUT SAMPLES 
COLLECTED AT ISPRA, ITALY, 1961 
Monthly deposition in ne/m? 
Radionuclide Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Sr 0.06 0.08 0.01 0.70 0.35 0.65 0.16 0.05 0.07 0.59 0.42 0.2 
( 0.10 0.14 0.02 Bea 0.60 coon 0 .2¢ 0.09 0.10 0.70 0.47 0 
I 10 30 
“T 1.8 22 29 13 
Ba 7.0 2 78 5 
ar and 3.0 48 43 19 
I and R 2.0 25 18 11 
Zr®-Nb? 2.0 71 102 28 
176 





Monthly deposition of these nuclides are giver 

in table 3. 
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SECTION If.—FOOD 


Radionuclides in Institutional Diet Samples 


July-September 1962 


Division of Radiological Health, Public Health Service 


The determination of radionuclide concen- 
tration in the diet constitutes an important 
element of an integrated program of environ- 
mental radiation surveillance and assessment. 
In recognition of the potential significance of 
the diet in contributing to total environmental 
radiation exposures, the Public Health Service 
initiated its Institutional Diet Sampling Pro- 
gram in 1961. This program is being adminis- 
tered by the Division of Radiological Health 
with the assistance of the Division of Environ- 
mental Engineering and Food Protection (1). 

The program is designed to estimate the 
dietary intake of radionuclides in a controlled 
population group ranging from children to 
young adults of school age. Initially, the pro- 
gram consisted of sampling diets in eight in- 
stitutions, but it has since been expanded to 21 
boarding schools or institutions, geographically 
distributed as shown in figure 1. Institutions 
selected range from exclusive, well-funded 
boarding schools to orphanages with severe 
economic limitations. Each institution (sam- 
pling point) is located in a community moni- 
tored by the Pasteurized Milk Network. The 
analytical data for this program supplement 
the findings for the Institutional Diet Sampling 
Program. 
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FIGURE 1.—INSTITUTIONAL DIET SAMPLING 
LOCATIONS, SEPTEMBER 1962 


Sampling Procedure 


In general, the sampling procedure is the 
same in each case. Each sample represents the 
edible portion of the diet for a full 7-day week 
(21 meals plus soft drinks, candy bars, or 
other in-between snacks) obtained by duplicat- 
ing the meals of a different individual each 
day. Each institution supplies one complete 
7-day, 21-meal diet sample each month. Meals 
are frozen following collection. On completion 
of the total sample, it is packed in dry ice and 
shipped by air express to either the Southwest- 
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ern Radiological Health Laboratory, Las 
Vegas, Nevada, the Southeastern Radiological 
Health Laboratory, Montgomery, Alabama, or 
the Northeastern Radiological Health Labora- 
tory, Winchester, Massachusetts. 

Each sample is packaged in three containers: 
one containing solid food less seed pits, rinds, 
shells, bones, etc., that would not ordinarily be 
eaten; one containing dairy products such 
milk, cottage cheese, ice cream, etc.; and one 
containing soft drinks, coffee, tea, etc. A record 
of the contents of each meal and the approxi- 
mate weight of each item is recorded by the in- 
stitution’s dietitian and sent with the sample. 
Samples usually range from 6 to 16 liters in 
volume and weigh from 8 to 20 kilograms. 


Analytical Program 


Total weight, stable calcium, and _ stable 
potassium determinations are obtained by con- 
ventional gravimetric or spectrophotometric 
methods. Phosphate determinations are made 
by a colorimetric technique. Because calcium 
and phosphorus compounds have an effect on 
the uptake of tmportant boneseeking radio- 
nuclides such as_ strontium—89 and_ stron- 
tium—90 (2), they are included in the analyti- 
cal program. 

The radioanalysis program is’ designed 
around three basic procedures: (1) gamma 
spectroscopy, (2) chemical separation of stron- 
tium—&89 and strontium—90 with subsequent 
counting, and (3) total radium analysis. In the 
absence of interferences other than naturally- 
occurring radioactive potassium (K*°), mini- 
mum detectable concentrations for the gamma 
scan on a per-kilogram basis are: I-131, 10 
wae kg; Cs-137, 5 yue/kg; and Ba-140, 10 
wc kg. Approximate minimum detectable con- 
centrations for Sr—89, Sr—90, and total radium 
are: 5, 1, and 1 uue/kg, respectively. 

Total radium is determined by ashing, sepa- 
ration, and coprecipitation of radium as sul- 
fate or chromate. After a sample is transferred 
to planchets and dried, its alpha activity is 
measured by an internal proportional counter 
with an appropriate delay for checking in- 
growth of radium daughters. Since naturally- 
occurring radionuclides may contribute to the 
reported total radium values, the total radium 
technique is a practical screening indicator 
only. The bone dose, calculated by assuming 
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total radium to be only radium-—226, would 
therefore be moderately high. 


Data Treatment 


Table 1 presents the dietary intake data ex- 
pressed on a per-day basis from July 1962 
through September 1962 for the 20 institutions 
from which samples were received. The re- 
ported iodine-131 values are based on the 
iodine—131 content of the sample at the end of 
the sample collection period. The true iodine— 
131 intake may therefore be somewhat greater 
than the reported values. 

Certain of the radioanalyses are reported by 
the laboratories as being “less than” (<) a 
specified value. For data averaging, the method 
employed for presentation in table 1 is that all 
“less-than” data are assumed to be equal to 
the full “‘less-than’’ values as they appear in 
the column entitled “‘monthly maximum aver- 
ages.”” The column entitled “monthly minimum 
averages” reflect the averages in which all 
“less than” values are considered to be 0. 

Strontium—89, strontium—90, iodine—131, ce- 
sium—137, and barium—140 averages of the in- 
stitutions’ daily intake, as well as announced 
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FIGURE 2.—RADIONUCLIDES IN INSTITU- 
TIONAL DIET SAMPLES—AVERAGE OF IN- 
STITUTIONS 














Radiological Health Data 














uld 


Li ttiiy 


I 


Litiiil 


l 





J. 
J. 





atmospheric nuclear detonations for 1961 and 
1962, are shown in figure 2. Figure 3 similarly 
shows the average daily intake of calcium, 
phosphate, and potassium and total weight of 
food. 

For rapid comprehension, the data are pre- 
sented graphically in figures 4-11 as station 
distributions versus daily intake. These are 
not graphs of continuous functions as might 
be implied by their appearance. For example, 
the graph entitled “total intake” of food is 
divided into six ranges (< 1.00, 1.00-1.49, 
1.50-1.99, 2.00-2.49, 2.50-2.99 and 3.00-3.50 
kg/day), and the number of institutions in 
each range is noted and plotted as a bar graph. 
The maximum of each bar is connected by a 
smooth curve. This type of construction is used 
for each month for each item represented in 
figures 4—11. 
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FIGURE 3.—STABLE MATERIALS IN INSTITU- 
TIONAL DIET SAMPLES—AVERAGE OF IN- 
STITUTIONS 


Sixteen institutions were used in construct- 
ing the graphical distributions and a variation 
of two institutions or 12.5 percent of the total 
may not be significant in considering trends in 
the data. 


Discussion of Data 


During the 3-month period reported, the 
dietary intake of strontium—90 ranged between 
1 and 42 uyc/day with 39 of 54 institution- 
months* being in the lowest Radiation Protec- 


* An institution-month is one datum value per in- 
stitution per month. (e.g., 20 institutions reporting 
one value per month for 3 months constitutes 60 in- 
stitution months). 
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tion Guide (RPG) range. The lowest RPG 
range established by the Federal Radiation 
Council is 0 to 20 uyuc/day for strontium—90 
(3, 4). The May 1962 issue of Radiological 
Health Data contains a discussion of environ- 
mental radiation protection standards which 
should be referred to for an understanding of 
the RPG (4). The strontium—90 distribution 
(figure 10) has no well-defined peak and is ap- 
proximately flat between 0 and 25 uuc/day. 

The strontium—89 distribution (figure 9) 
shows that the majority of institutions re- 
ported values below 40 yuc/day. The lowest 
RPG range for strontium-89 is 0 to 200 
..C day. 

The dietary intake of total radium ranged 
between 1.0 and 12.0 uuc day with 93 per- 
cent of the institution-months being 6.0 uue 
day or less. Assuming the radium—226 com- 
ponent of the total radium activity to be 30 
percent, the intake of radium—226 via the diet 
probably approaches the top of Range I of the 
RPG (0 to 2 yuc/day for radium—226) at a few 
institutions. 

Following the resumption of nuclear weap- 
ons testing in the atmosphere in 1961, iodine 
131 dietary intake increased from nondetect- 
able levels to an institutional high of 228.5 
uuc/day (5). During the period July—Septem- 
ber 1962, the institutional high was 140 uue 
day with only two institution-months being 
greater than 100 uuc/day. Range II of the 
iodine—131 RPG is 10-100 uue day. 

The cesium-—137 dietary intake has ranged 
from < 5 to 225 uuc/day during the period re- 
ported. The distribution of institutions (figure 
11) does show a peak which extends from 0 to 
60 uuc/day. Most institutions have shown a 
leveling off of the cesium—137 increase that 
occurred in the second quarter. This can be 
seen in the average of institutions graph, fig- 
ure 2. 

The distributions of total weight intake of 
food for this quarter (figure 4) are similar to 
those for the previous period. The total weight 
average (figure 3) has usually ranged between 
about 1.9 and 2.0 kg/day. This average dropped 
to 1.63 for September 1962, the lowest average 
noted for the institutional diet sampling pro- 
gram, with the exception of January 1961, 
when the average of institutions was 1.43. 

The calcium intake average of institutions 
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FIGURE 9.—DISTRIBUTIONS OF INSTITUTIONS 
VERSUS DAILY STRONTIUM-89 INTAKE 


(figure 3) has normally ranged between 1.0 
and 1.3 g/day while the calcium distribution 
(figure 5) usually has a well-defined peak. This 
quarter’s results for calcium are not inconsis- 
tent with the above statements. 
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SECTION U1—MILK 


Milk Surveillance 


Although milk is only one of the many 
sources of dietary intake of radionuclides, it is 
the single food item most often used as an in- 
dicator of the population’s intake of radionu- 
clides from the environment. This is because 
fresh milk is consumed by a large segment of 
the U.S. population and contains most of the 
radionuclides identified as being biologically 
important. In addition, milk is produced and 
consumed on a regular basis, is convenient to 
handle, is easily analyzed, and samples which 
are representative of milk consumption in any 
area can be readily obtained. 


PASTEURIZED MILK NETWORK 
December 1962 


Division of Radiological Health and 
Division of Environmental Engineering 
and Food Protection, 


Public Health Service 


In 1957 the Public Health Service began 
analyzing raw milk to determine relationships 
between dairy practices and radionuclide levels 
in milk. However, it became evident that the 
milk actually consumed by the population 
should be included in a broader sampling pro- 
gram. In 1960 the pasteurized milk network 
was initiated to provide data representative 
of the milk consumed in selected municipalities. 
Both raw and pasteurized milk sampling data 
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were reported concurrently until June 1961 to 
permit comparison of the differences between 
the earlier, limited, milkshed sampling results 
and those exhibited in pasteurized milk moni- 
toring. Since June 1961, raw milk sampling 
has been carried out for investigative rather 
than monitoring purposes. 

During December 1962, pasteurized milk 
surveillance was conducted at 62 Pasteurized 
Milk Network stations with the cooperation of 
State and local milk sanitation agencies which 
have been shipping samples to the PHS South- 
western, Southeastern, and Northeastern Ra- 
diological Health Laboratories for analysis. 
Publication in Radiological Health Data fol- 
lows 3 to 4 months after sample collection be- 
cause of the time required for shipment, proc- 
essing, radioanalysis of strontium, data com- 
pilation, and publication procedures. Data 
from gamma analyses (iodine—-131) are avail- 
able to State public health officials and the Fed- 
eral Radiation Council within 3 days after 
sample collection for possible countermeasure 
purposes. 


Sampling and Compositing Procedures 

The current program emphasizes (1) meas- 
urement of the concentrations of radioactivity 
in samples of pasteurized milk consumed by the 
public in various regions of the country, and 
(2) provision of at least one sampling point 
within virtually all States; additional points 
when indicated by widely varying conditions 
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of the milk supply or when needed in order to 
cover large population groups. Each sample is 
a composite of subsamples which are specified 
to be collected from each plant in proportion 
to the relative volumes of milk sold. Each of 


\la 
\lask 
\r 
\rk 
i 
( I 
1 ys 
1). 
! 
ty 
rif 
| } 
i 4 
Au 


Montgo 
Palm 
Phoenix 
Little Rock 
sacramen 
San bran 


Spokane 
Charlestor 
Milwaukee 
| Larne 


PABLI 


RADIOACTIVITY 


Average radu 


Cak 
yr | “fr it 
(vg. f I th 
arte mont juarte 
1 .2¢ 1.26 tt) 
1.33 Ss.) 
l 2 1.30 25 
1 .2¢ 2H 120 
l 2 1.31 20 
l t 1.33 0) 
l } 1.38 20 
l } 1.11 10 
l l 1.11 50 
1.20 1.2] 10) 
1.25 1.26 it] 
l } 1.25 55 
1.2 1.21] 20 
i .d l 0 25 
l 2 1.10 1 
1.17 1 .1f 50 
] ‘ l , 75 
1.34 l 2 55 
19 | 24 Y54 
28 1.28 70 
18 7) 
29 ") 10 
Ou 60) 
0 50 
Ss i 2 oD 
1.29 70 
0) 2 1) 
| 2 OO 
, 4D 
> 4 5 
7 5 HO 
iy > 
] ») 
‘) ) 
) 0 
{) +t) 
> 
LS 
7 7 ) 
i ) 
; {)} 
» {) 
{) he ’ 
7 
“9 1g 7 
28 nt 
7 ) 1) 
an’ { > 
) RD 
) 5) 
“Wt 
10 
1] 10 > 
1.23 } rs? 5 
] sf ] *: LOO 
1.40 1.38 5 
lao 1.21 Of 
1.18 1.16 5 
1.32 1.29 15 
1.24 1.23 55 


mactivity 





the 62 stations reflects from 80 to 100 percent 
of the milk consumed in that city with the net- 
work average being about 90 percent. Prior to 
September 15, 1961, the composite sample was 
taken from one day’s sales per month and was 


IN PASTEURIZED MILK, DECEMBER 1962 
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as representative of a community’s total sup- 
ply as could be achieved under practical con- 
ditions. Since the resumption of nuclear weap- 
ons testing, the sampling frequency has been 
increased. During December 1962, most sta- 
tions were sampled twice a week. All surveil- 
lance data are subject to continuing review and 
evaluation to observe unusual patterns or con- 
centrations which may require immediate at- 
tention. Further atmospheric nuclear testing 
may require re-evaluation and adjustment of 
the sampling frequency and analytical schedule 
for this program. 

Iodine—131, cesium—137, and barium—140 are 
determined by gamma scintillation spectros- 
copy,' while strontium—89 and strontium—90 
are determined by radiochemical procedures. 
The minimum detectable concentrations in 
units of yuc/liter are: Sr*®, 5; Sr®, 1; I'*', 10; 
Cs'87, 5; and Ba'*, 10. 

Table 1 presents summaries of all available 
analyses for December 1962. When a radionu- 
clide is reported by a laboratory as being be- 
low the minimum detectable concentration, 
one-half of this value is used in calculating the 
monthly average. A similar procedure is used 
for the network average. 


Geographical Variation in Radionuclide 
Content of Milk (1962) 


lodine-131: Beginning in January 1962 and 
continuing through February, March, and 
April, the monthly average iodine-131 concen- 
trations in milk were very low (20 uuc/liter or 
less) over the entire country. The lowest 
monthly average values occurred in April. 
Except in the Southwest, iodine-131 was non- 
detectable. In May there was a pronounced in- 
crease of iodine—131 in milk in Kansas and 
Missouri. Monthly averages there slightly ex- 
ceeded the 200 uuc/liter level. Concentrations 
decreased with distance from the Kansas-Mis- 
souri area and dropped to values of 20 uuc/liter 
or less at the Rocky Mountains, the Appalach- 
ian Mountains, the northern part of Texas, and 
the U.S.—Canadian border. This same focal 
point was evident in June with approximately 
the same levels as before noted for milk. Also, 


Southeastern Radiological Health Laboratory em- 
ploys a radiochemical procedure for barium—140 anal- 


ysis. 


April 1963 


a concentration of 350 yuc/liter was observed 
in eastern Washington in June. 

Values for iodine-131 in the Kansas-Mis- 
souri area and eastern Washington decreased 
to below 80 uuc/liter in July. There was how- 
ever, an iodine-131 concentration of almost 
600 uuc/liter noted in Utah in July. August 
concentrations in milk were below those in 
July and most of the network stations reported 
values below 50 uuc/liter. High concentrations 
in Utah persisted, although the levels decreased 
to about 300 uuc/liter. September and October 
concentration contour maps were generally 
similar. The reported values for the southwest- 
ern states were below 20 uuc/liter while vari- 
ous northern States reported concentrations 
somewhat greater than 100 yuyc/liter. In No- 
vember, a region of iodine—131 concentrations 
ranging from 100 to 170 uuc/liter extended 
from Pennsylvania to Oklahoma and from 
Oklahoma to Wisconsin. Of note in December 
were average values which reached 300 uue 
liter or slightly greater in eastern Texas (see 
figure 1). The South and Midwest, as well as 
an area including Washington, Oregon, Idaho, 
and Montana, had concentrations of iodine—131 
in milk of at least 50 wuc liter. 

In summary, iodine—131 did not appear ap- 
preciably in milk until May, and its presence 
continued throughout the balance of the calen- 
dar year. The Southwest usually had low 
iodine—131 concentrations in milk, however no 
portion of the country was consistently high. 
Occasionally, high monthly average concentra- 
tions of iodine—131 appeared in various loca- 
tions. 
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FIGURE 1.—IODINE-131 CONCENTRATIONS IN 
PASTEURIZED MILK 
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Strontium—89: Stontium-89 monthly average 
concentrations in milk for January 1962 
reached levels of about 300 uuc/liter in Louisi- 
ana, but levels decreased rapidly with distance 
from this area. For the same month, only the 
Southeast reported concentrations greater than 
50 uuc/liter. February and March concentra- 
tion contour maps appeared remarkably sim- 
ilar in form and level. The epicenter for the 
300 uve liter concentration for strontium—89 
appeared to move northward to the Arkansas- 
Mississippi-Alabama area in April. The 100 
uuc/ liter concentration contour centered about 
this area appeared to expand up the Mississippi 
Valley during May. Western Washington-Ore- 
gon also experienced concentrations of about 
100 vue liter in May. Concentrations in this 
area decreased during May. The northern ex- 
pansion of the 100 uuc/ liter contour continued 
until June when a ridge of strontium—89 con- 
centration of 100 wuue/liter extended from 
North Dakota to Louisiana. Only the northern 
portion of this ridge persisted in July. In 
August, only Wyoming, Nebraska, and Oregon 
had concentrations somewhat in excess of 100 
2c liter while in September all of the coter- 
minous U.S. stations reported values lower 
than 100 vue /liter. A strontium—89 intrusion of 
about 100 vue liter occurred in the Minnesota- 
lowa area and in the Washington-Oregon area 
in October. During November concentrations 
of strontium-—89 of 100 to 200 yuc/liter ap- 
peared in Washington-Oregon, Arkansas, and 
Kentucky-Tennessee. Strontium—89 in milk in 
these same areas continued in December. How- 
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FIGURE 2.—STRONTIUM-89 CONCENTRATIONS 
IN PASTEURIZED MILK 
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ever, two of the highs had merged to form one 
with concentrations of 100 to 200 yyc/liter 
covering eastern Texas and the lower Missis- 
sippi Valley (see figure 2). 

Strontium—90: The monthly average stron- 
tium-—90 concentrations in milk for January 
1962 were generally below 10 ypuc/liter. The 
South and the East had values greater than 10 
uuc/ liter and the Arkansas-Mississippi-Louisi- 
ana area reported values of 20 to 24 uuc/liter. 
This area of high concentrations continued 
during February and expanded to include 
northern Alabama in March. In April, the 
southeastern States reflected a 20 to 30 yuc/ liter 
concentration pattern for strontium—90. The 
lower Mississippi Valley reported concentra- 
tions up to 40 yuc/liter during this period. Ap- 
proximately these same conditions existed 
throughout May and June. An average of 40 
uuc/liter appeared in South Dakota in June. 
The effect of this intrusion was to extend the 
greater-than-20 uyc/liter concentration area 
all the length of the Mississippi Valley. In July 
much the same conditions prevailed as in June. 
During August, strontium—90 concentrations 
appeared to decline. Only the Dakotas, the 
lower Mississippi Valley, and the southern 
Appalachian States reported values of 20 to 27 
uuce ‘liter. In September, the Dakotas’ high had 
disappeared. October averages of 20 to 29 uue 
liter occurred in the lower Mississippi Valley, 
along the eastern seaboard, and in the North- 
west. Conditions for November were similar 
to October, except that the high along the east- 
ern seaboard had decreased. The December 
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STRONTIUM-90 CONCENTRATIONS 
IN PASTEURIZED MILK 


Radiological Health Data 





ata 





monthly averages of strontium—90 concentra- 
tions in milk are presented in figure 3. Monthly 
averages of 20 to 33 yuc/liter were reported 
for Minnesota, the Dakotas, and most of the 
Southern States. 

In summary, most of the stations reported 
values of strontium—90 in milk of between 10 
and 20 uyuc/liter throughout the entire year. 
The Southwest was consistently low (< 10 
wc liter) while the lower Mississippi Valley 
consistently displayed higher values (20 to 40 
iu¢/liter). The Southeastern and the Great 
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FIGURE 4-.- 


April 1963 


Plains States sporadically showed values of 20 
to 40 uye/liter. 


Selected Monthly Strontium—90 Profiles 


In previous issues of RHD, the average 
monthly strontium-—90 concentrations in pas- 
teurized milk from selected cities in the moni- 
toring program were published. Profiles for an 
additional 16 cities are presented in figure 4. 
These graphs show the strontium—90 concen- 
trations in milk from selected cities in the 4 
major Bureau of the Census regions. 
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INDIANA MILK NETWORK 
December 1962—January 1963 


Bureau of Environmental Sanitation 
Indiana State Board of Health 


The Indiana State Board of Health began 
sampling pasteurized milk for radiological ana- 
lyses in September 1961. Indiana was geo- 
graphically divided into five major milksheds, 
and one large dairy within each milkshed was 
selected as a sampling station (see figure 5). 

The milk samples are routinely analyzed for 
iodine—131, cesium-—137, barium-lanthanum-— 
140, strontium-—89, and strontium—90. Analyses 
for the gamma emitters iodine—131, cesium— 
137, and barium-lanthanum—140 are conducted 
on a weekly basis except when iodine—131 re- 
sults exceed 100 uuc/liter, at which time the 


frequency of sampling is increased. Stron-° 


tium—89 and strontium—90 analyses are per- 
formed monthly on samples which are com- 
posited from weekly aliquots. 

The ion exchange analytical procedure (1) 
is used for strontium—89 and strontium—90 
analyses. A 512-channel pulse-height analyzer 
and shielded 4 x 4-inch sodium iodide crystal 
are used for the gamma analysis of iodine—131, 
cesium—137, and barium-lanthanum-140. 
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FIGURE 5.—INDIANA MILK SAMPLING LOCA- 
TIONS 
The monthly averages of the data obtained 
for the individual sampling stations and the 
State averages are reported in table 2. The 
State average is an arithmetic average of the 
station values. 
REFERENCE 
(1) Porter, C., D. Cahill, R. Schneider, P. Robbins, 
W. Perry, and B. Kahn: Determination of Stron- 
tium—90 in Milk by an Ion Exchange Method, 
Analytical Chemistry 33:1306-8 (September 1961). 


Paste 2.—RADIONUCLIDES IN INDIANA MILK, DECEMBER 1962-JANUARY 1963 


Concentrat 


Strontium-¥O 


ions in puc/liter 


Barium-Lanthanum- 
140 


lodine-131 Cesium-137 


December January December | January December | January December | January December | January 


Evansv lle 20 20 29 
Fort Wayne 30 16 
Indianapolis 50 <10 22 
Rochester 15 <10 18 
Seymour! 20 <10 20 


°® average 20 10 20 
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7 20 <10 5 50 <10 <10 
~ 10 <10 5 50 <10 <10 
4 30 <10 5O 55 <10 <10 
2 20 <10 50 5d <10 <10 
4 30 <10 50 50 10 <10 


21 | 20 <10 50 50 <10 <10 
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MINNESOTA MILK NETWORK 
March—September 1962 


Division of Environmental Sanitation 
Vinnesota Department of Health 


The Minnesota State Department of Health 
nitiated a pasteurized milk surveillance net- 
work in September 1958 to monitor milk for 
strontium—90. Since then the network has been 
expanded to eleven sampling locations (see fig- 
ure 6). In October 1961 a special network of 
eight stations (see figure 6) was established 
for the collection of milk “grab’’ samples for 
iodine—131 analyses. 

Each station daily collects a two-ounce sam- 
ple and produces a monthly composite sample 
to be analyzed for strontium—90. Collection is 
made at the pasteurizing plants’ bottling ma- 
chines so that the sample is randomly repre- 
sentative of the milk produced in that milk- 
shed. The most recent strontium-90 data is 
shown in table 3. 

One-liter samples are collected weekly for 
iodine-131 analyses. These monthly averages 
are shown in table 4. The minimum detectable 
concentration of iodine—131 in milk is 15 puc, 
liter. The monthly average is an arithmetic 
average of all samples collected within a given 
month. A value of 7 yuc/liter is used when 
averaging values which are reported as < 15 
uuc/liter. If the calculated monthly average is 
below 15 yuuc/liter, then the monthly average 
is reported as < 15 uyc/liter. All other monthly 
averages have been rounded to the nearest 10 
wuc/liter. 


Analytical Procedure 


Strontium-90 in milk is determined by 
ashing an 800 ml sample, after evaporation at 
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FIGURE 6.—MINNESOTA MILK SAMPLING 
LOCATIONS 
450° C. Calcium and strontium are precipitated 
as oxalates from the ash. The separated 
oxalates are destroyed and the resulting solu- 
tion scavenged with yttrium and barium. 
Yttrium-90 is allowed to ingrow and is then 
precipitated. This precipitate is converted to 


the oxalate, filtered and counted in a low- 
background anticoincidence counter. 
lodine-131 is determined by gamma spec- 


trometry. One-liter samples of milk are counted 
for 100 minutes with a low-background sodium 
iodide crystal scintillator and multichannel 
analyzer. The counts in the iodine—131 photo- 
peak (0.36 Mev) which occur because of back- 
ground and scatter from other gamma-emitting 
nuclides in milk are determined empirically 
and subtracted from the total count. 


TaBLeE 3.—STRONTIUM-90 IN MINNESOTA MILK, MARCH-SEPTEMBER 1962 


{Concentrations in gyuc/liter) 


Sampling location March April 
temidji ° 
srainerd . 9.6 9 
Yuluth—_. 7 
airmont 2.5 4 
ergus Falls 
ittle Falls 
Mankato. ; 
linneapolis. . , 1.3 ; 
tochester _ - : 5 
hief River Falls. 8s 4 


Vorthington_. 
* A dash indicates no sample 


April 1963 


May June July Au t September 

16.7 1.0 54 Lf ) 21.8 
l 
7 14.8 8.0 ».4 } 26.9 
l 

18.1 26.0 25.5 s 21.9 

33.0 27 .0 38.0 9 26.4 

6.3 16.0 11.8 ; 12.2 
2 | 10.9 20.0 21.8 l aa oe 
6 9.7 14.0 18.7 2.0 12.7 
) 

8.8 0.1 } l ‘ 
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AVERAGE IODINE-131 IN 


MILK, MARCH-AUGUST 1962 


A dash indicates no sample 


Recent coverage in 
Period 


ons In pe 


Radiological Health Data 


Issue 


October December 196] 


(iodine—131 data) 
May—December 1961 
(strontium—90 data) 


March 1962 


August 1962 


NEW YORK MILK NETWORK 
October—November 1962 


Division of Special Health Services 
State of New York Department of Health 


) 


MINNESOTA 





daily from processing plants in all cities except 
Albany, where collection is made at a market. 
At Albany and New York City daily iodine— 
131 analyses have been made. In the event that 
a city reports iodine-131 concentrations ex- 
50 ceeding 100 pc/liter, increased surveillance is 


20 undertaken. The matrix method (17) is used 
10) ° . . . 
0) for the analysis of spectral data to determine 
20 ° 7 ° ° ° 
50 the concentrations of gamma-emitting nuclides 


in milk. With this method, the individual nu- 
clide contributions to the gamma spectrum 
were separated by solution of simultaneous 
equations describing the spectral interferences. 

The analytical procedure for strontium—89 
and strontium—90 is based on ion exchange 
methods to concentrate the strontium, elution 
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Pasteurized milk samples, collected routinely 
from six cities—Albany, Buffalo, Massena, 





Newburgh, New York City, and Syracuse (fig- 
ure 7), are analyzed for radionuclide content 
by the State of New York Department of 
Health. Weekly composites of daily samples are 
analyzed for strontium—89, strontium—90 and 
iodine-131. The milk samples are collected 


TABLE 5.—RADIONUCLIDES IN NEW YORK MILK, OCTOBER-NOVEMBER 1962 
Concentrations in pc/liter 
Strontium-S9 Strontium-90 lodine-131 Cesium-137 
Sampling 
catio 
Oct Nov Oct. Nov Oct Nov Oct Nov. 
Albany 50 30 11 11 10 25 D5 65 
} 1 } | 6 25 22 25 
Buttalo 12 30 G 11 5 20) 0 62 
6 } 6 } 5 6 5 6 
Massena 100 35 20 12 65 20 90 117 
} } j j 7 } s i 
Newburgh 100 51 7 10 15 3 5D 44 
3 } 3 t 7 3 7 5 
New York City 80 16 19 9 75 ay) 
3 a) 3 5 Li 14 
Syracuse 15 21 1] 7 65 £20 5 14 
3 5 3 5 6 3 5 5 


* Numbers in parentheses indicate the number of samples upon which the monthly 


> A dash indicates no sample 
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FIGURE 7.—NEW YORK MILK SAMPLING LOCA- 
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of strontium isotopes from the ion exchange 
resin with sodium chloride, gathering by 
means of sodium carbonate, isolation by means 
of ethylenediaminetetraacetic acid, (EDTA) 
and counting of radiostrontium with a low- 
background beta counter having a 0.8 mg/cm?” 
window. The strontium-90 is differentially 
estimated by a second count 40 hours later to 
determine the rate of growth of its daughter 
product, yttrium—90. 

Table 5 shows the monthly radionuclide con- 
centration averages for October and November 
1962. The numbers in parentheses below the 
data values are the number of determinations 
used to compute the monthly average. 


REFERENCE 


(1) Hagee, G. R. et al.: Determination of lodine—131, 
Cesium-137, and Barium-140 in Fluid Milk By 
Gamma Spectroscopy, Talanta 5:36 (1960). 


RADIOSTRONTIUM IN MILK (1) 
July-September 1962 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


The Health and Safety Laboratory (HASL) 
began monitoring liquid whole milk in New 
York City in 1954 for strontium—90 in order 
to estimate the dietary contribution from the 
ingestion of radiostrontium in milk. Subse- 
quently, powdered milk monitoring was initi- 
ated at Perry, New York, and at Mandan, 
North Dakota. Liquid whole milk monitoring 
was started in Honolulu, Hawaii in August 
1959. 

The New York City sample is a monthly 
composite of pasteurized milk purchased daily 
in quart containers at retail stores. Five large 
dairies are represented in the sample. The 
Honolulu sample is a monthly composite of pas- 
teurized milk collected weekly. Samples from 
two dairies are analyzed and the results are 
averaged. The Mandan and Perry samples are 
monthly composites of powdered milk collected 
in 5-pound lots from plants in each city. The 
Mandan sample is powdered buttermilk used 
for cattle feed, while the Perry sample is 
powdered whole milk used for human con- 
sumption. The Honolulu data are of interest 
since the cows there are on pasture through- 
out the year and soil analyses have shown 


April 1963 


strontium-—90 concentrations in soils in Hawaii 
to be comparable with those in the New York 
area (2). 

Strontium-89 became measurable in Sep- 
tember 1961, indicating that fresh fission prod- 
ucts from the U.S.S.R. nuclear test series were 
being deposited. The Sr**/Sr® ratios are pre- 
sented in tables 6 and 7, as are the calcium and 
strontium data. The fluctuations of stron- 
tium—90 with time are shown in figures 8 and 9. 


Comment 


The Honolulu milk samples still contain less 
strontium-90 per liter than those of other 
sampling stations. The 1961 average showed a 
downward trend in puc Sr®*’/g Ca at each sta- 
tion. However, since the first quarter 1962 
levels have risen at all stations and, during the 
spring and summer of 1962, reached levels 
comparable to those observed in 1959. 
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“IGURE 8.—STRONTIUM-90 IN POWDERED 
MILK SAMPLES 
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FIGURE 9.—STRONTIUM-90 IN LIQUID MILK 
SAMPLES 
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Taste 6.—RADIOSTRONTIUM AND CALCIUM IN 


LIQUID MILK, FIRST THREE QUARTERS, 1962 


Sampling station Calcium (|Strontium- |Strontium- 
and period g/liter 90 90 | Sr89/Sr%* 
puc/ liter puc/g Ca 


New York City 


1959 Average 11 | 
1960 Average 8.0 
1961 Average 6.7 | 
1962 First quarter 5.3 
Second quarter | 10.9 
July 1.02 23.7 23.3 i 
August 0.9 16.2 17.4 3 
September 0.99 15.1 15.3 6 
Honolulu, Hawaii | 
1059 Average 5.0 
1960 Average 3.2 
1v61 Average 2.4 
1962 First quarter 2.8 
Second quarter 4.1 
July 1.05 6.3 6.0 } 
August 1.43 5.4 +.8 ) 
September rt 1.7 t.35 2 


Strontium-89 value extrapolated to the midpoint of sampling period. 


TaBLe 7.—RADIOSTRONTIUM AND CALCIUM IN 


POWDERED MILK AND BUTTERMILK, FIRST 
THREE QUARTERS, 1962 
Sampling station Calcium | Strontium-) Strontium- 


and period g/kg 90 90 Sr8?/Sro* 
be yal kg My g Ca 


Powdered mi 
Perry, New York 


1950 Average 8.0 |} 
1960 Average 6.5 
1961 Average 6.2 | 
1962 First qual 5.3 
Second quarte 9.1 
July 8.4 182 21.7 
August 8.7 Lt 15.6 
Septem be 7.5 10t 14.2 2 


hutterm 


Powders 
Mandan, North Dakota 


195Y Average 25.7 
1960 Average 15.0 
1V61 Ay Lge 9.4 
1962 First quarter 10.5 
S nd quarte 2.0 
July u 512 >.6 t 
i 10.8 289 26.8 5 
Septemtl 11.7 120 2.0 5 
* Strontium-SY value extrapolated to the midpoint of sampling period 


Previous coverage in Radiological Health Data: 


Period Issue 

December 1960—April 1961 December 1961 
May—July 1961 March 1962 
August—December 1961 June 1962 
January—February 1962 September 1962 
March—June 1962 January 1963 


REFERENCES 


(7) U.S. Atomic Energy Commission: Fallout Program 
Quarterly Summary Report, HASL-132, Office of 
Technical Services, Department of Commerce, Wash- 
ington 25, D.C. (January 1, 1963), price $3.50. 


(2) U.S. Atomic Energy Commission: Summary of 


Available Data on the Strontium—90 Content of 
Foods and of Total Diets in the United States, 
HASL-—90:4, Office of Technical Services, Depart- 
ment of Commerce, Washington 25, D.C. (August 
18, 1960). 
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CANADIAN MILK NETWORK 
November 1962 


Radiation Protection Division 
Department of National Health and Welfare, 
Ottawa, Canada 


Dried Milk Products 


3eginning in November 1955, radiochemical 
analyses of skim milk and buttermilk powders 
for strontium—90 concentrations were initiated 
by the Department of National Health and 
Welfare. Since April 1962, analyses for stron- 
tium-89 and cesium-137 have also been in- 
cluded. 

Samples are collected through the cooperation 
of the Dairy Products Division of the Canadian 
Department of Agriculture, whose inspectors 
pick up four 1-pound samples of dried milk 
from each station (see figure 10) on a monthly 
schedule. 
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FIGURE 10.—CANADIAN MILK SAMPLING STA- 
TIONS 





No statistical plan is followed for sample 
collection. Because of uncertainties introduced 
by this method of sampling, the significance of 
differences between _ station-to-station and 
month-to-month results is not precisely known. 
However, it is possible to consider all results 
for a given period of time as being sufficiently 
‘andom in selection to show any national trend 
when average values for such periods and all 
stations are plotted, as in figures 11 and 12. 

A detailed discussion of the sampling and 
radiochemical procedures employed may be 
found in the Department’s publications (1, 2 
Table 8 presents the results of measurements 
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CENTRATIONS IN CANADIAN DRIED MILK 
POWDER 


of strontium-—89, strontium—90, and cesium— 
37 in Canadian dried milk powder for No- 
vember 1962. These data were taken from the 
“Data from Radiation Protection Programs,” 
dated January 1963, published by the Radia- 
tion Protection Division of the Department of 
National Health and Welfare. 

For an approximate method to compare the 
Canadian powdered milk data in units of puc/g 
calcium to other milk data in units of uuc/liter, 
it can be assumed that milk has approximately 
1.2 g calcium/liter of liquid milk. Canadian 
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powdered milk data may be compared to liquid 
milk data by multiplying the 
by 1.2. 


former values 


Whole Milk 


Recently, monitoring of liquid whole milk 
for iodine-—131 was begun. Table 9 presents the 
November and December average concentra- 
tion of iodine—131 in liquid whole milk for nine 


cities. It may be noted that the average, which 
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increased to about 135 yuc/liter during Sep- 
tember and October, has decreased to 51 uuc 
liter for November (see figure 13). In Decem- 
ber the average further fell to 7 uuc/liter, in- 
dicating very little fresh fallout entering the 
milk. 

It should be emphasized again that the inter- 
pretation of fallout data in relation to healt! 
is a complex problem. In comparing the values 
of the concentration levels in a particular me- 
dium with the so-called Maximum Permissible 
Concentrations (MPC’s) as established by the 
International Commission on Radiological Pro- 
tection (3), it is necessary to keep in mind that 
the MPC values refer to conditions of contin- 
uous exposure over a lifetime. Therefore, the 
average levels over an extended period, such 
as one year, represent a better basis for com- 
parison than do individual levels at any specific 
time. 


Previous coverage in Radiological Health Data: 


Period Issue 
Third quarter 1961 May 1962 
Fourth quarter 1961 September 1962 


First quarter 1962 October 1962 
Second quarter 1962 January 1963 
Third quarter 1962 February 1963 
October 1962 March 1963 
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MEXICAN MILK NETWORK 


Varch—October 1962 


Radiological Protection Program 
Vational Commission of Nuclear Energy, 


Vexico 


The Pasteurized Milk Monitoring Program 
of Mexico was established by the “Comision 
Nacional de Energia Nuclear” through its Ra- 
diological Protection Program in March 1962 
to provide a means for estimating the ingestion 
of strontium—90 from milk. 


Milk has been analyzed from twelve cities 
distributed throughout Mexico (see figure 14). 
Since each city is supplied from a large num- 
ber of sources, it has not been possible, until 
now, to apply a_ representative sampling 
method. However, at least four samples from 
the main sources that supply large population 
groups were collected in each city. 


The results presented in table 10 give a 
rough estimation of the strontium-—90 content 
of the milk consumed in Mexico. These results 
are low compared to the PHS milk network 


average of 14.4 puc/liter for the third quarter 


1962 but are comparable with those in Hawaii 
for the same period. 
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Twelve-Month Sum of Daily Radionuclide 
Content of One Liter of Pasteurized Milk 


lodine-131: February 1962—January 1963 


Strontium-89 and strontium—90: January 1962—December 1962 
Division of Radiological Health, Public Health Service 


The guidance of the Federal Radiation Coun- 
cil (FRC) is given in terms of transient rates 
of intake of radioactive materials in micro- 
microcuries per day. The action ranges as 
proposed in FRC Report No. 2 are based on 


radiation doses considered acceptable for life-° 


time exposure from normal peacetime atomic 
industry operations (17). The Council recom- 
mends the use of a time period of one year as 
an appropriate interval for averaging expos- 
ures and emphasizes that the annual acceptable 
exposure dose is not a “danger point” which, 
if exceeded, requires protective measures (1, 
c, Obs 

To facilitate comparison of the concentra- 
tions of certain radionuclides in milk with the 
Radiation Protection Guides, tables 1 and 2 
below furnish a means towards estimating the 
contribution of milk to the total dietary intake 
of iodine—131, strontium—89, and strontium—90. 
The tables are developed from the PHS Pas- 
teurized Milk Network monthly averages of 
the nuclides. They present index values which 
are the estimated sum of the daily amounts of 
a radionuclide in one liter of milk for a 12- 
month period. 

The tables show 12-month index values for 
each of the Network’s 62 sampling locations. 
Due to the longer time required for stron- 
tium—89 and strontium—90 analysis, these 12- 
month index values are for the year beginning 
one month earlier than the iodine—131 values. 
The columns of monthly index values in each 
table are used to compute the net change as 
the yearly index values are advanced by one 
month. The following column shows this new 
12-month index value. In addition, the first 
column in table 1 gives the iodine—131 Jan- 
uary 1963 concentration averages. 

The data in tables 1 and 2 are calculated as 
follows: (a) results from all samples collected 
in each week (Sunday through Saturday) are 
averaged, (b) the weekly averages for all 
weeks ending within a given month are aver- 
aged and an average for the month is obtained, 
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and (c) the monthly radionuclide index value 
is determined by multiplying the average for 
the month by the number of days in the month. 
The number of days in the month will be either 
28 or 35, corresponding to the complete calen- 
dar weeks used for any month. Procedures 
exemplified by (a) and (b) above minimize 
the effect of any one day’s sample results on the 
average for the month, particularly for a short- 
lived radionuclide such as iodine—-131. The 
moving index value is obtained by the follow- 
ing procedure. In column (A) are the twelve- 
month index values for the period indicated. 
In columns (B) and (C) are the monthly index 
values for the period indicated. The values in 
column (D) are obtained by adding the values 
in column (B) to those in column (A) and sub- 
tracting those in (C). 

For a number of reasons it is desirable to 
have a standard quantity of milk to use in the 
development of index values for the different 
radionuclides. When one is concerned with 
strontium, 1 liter is a suitable quantity, as this 
amount of milk supplies approximately 1 gram 
of calcium, the amount used by the Federal 
Radiation Council in deriving the intake guid- 
ance for strontium. When one is concerned 
with iodine-131, the critical age group is the 
young infant. Available information suggests 
that the average milk consumption of infants 
in the 6-18 month group is not more than 1 
liter per day. Thus the index value based on 1 
liter of milk, though not directly an average 
intake value, is probably the most useful index 
for estimating total intake. 
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(1) Federal Radiation Council: Background Material 
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TABLE 1 


-TWELVE-MONTH SUM OF DAILY AMOUNTS 


LITER OF MILK 


OF IODINE-131 IN ONE 








I line 131 ndex Value 
} puc day / lite 
Jan. 1963 
iodine-131 
Sampling locations averages De () 
puc/ liter Jan. 1962 1§62—Jan. 2¢ é } 
Dec. 1962 J 962 1963 Jan T 
A) B Cc 
e 
r Ala Montgomery 10 6,450 140 80) f 
Alaska Palmer 20 1, SOO 140 yO) ~ 
Ariz Phoenix 10 1.260 270 a) { 
l. } Ark Little Rock 10 13,270 140 1,120 
j Calif Sacramento 0 1.350 10 R40 
I San Francisco 20 4,920 40 0 
- Colo Denver 20 5.570 270 HO » Re 
4 Conn Hartford 10 7.670 140 i) ‘ 
5 Del Wilmington 10 11,730 140 140 7 
1.4 Washington 10 8,440 140 140 8,44 
e Fla Tampa 20 5,820 140 0 6, 24 
Cia \tlanta 20 8,480 140 0 8 OO 
_- 
| Hawaii Honolulu 20 +.410 10 0 1,8 
ad Idaho Idaho Falls 20 9.240 140 0 yf 
Ill Chicago 10 13,690 140 140 BO 
e Ind Indianapolis 10 11.870 140 280 0 
: lowa Des Moines 20 21.550 270 HO ®4 
- Kans Wichita 20 21,450 270 0 74 
= Ky Louisville 10 10,540 140 10 54 
La New Orleans 20 8. 480 140 0 g a0 
. Maine Portland 10 8 ,020 140 280 a 
Md Baltimore 10 8,690 140 10 & 690 
4 Mass Boston 10 7,950 140 140 7 , G54 
| Mict Detroit 10 12.680 140 RO) 2.820 
n } Grand Rapids 10 », 280 140 280 4 
S | Minn Minneapolis 20 15,750 140 0 
' Miss Jackson 0) 8.410 140 R40 ) 
a Mo Kansas City 10 0.370 270 > s) ~ 
St. Louis 20 12.110 140 60 ) 
Mont Helena 20 14.490 140 0 110 
Nebr Omaha ) 19.110 140 yO ) 
@) ' 
Nev Las Vegas * 0 ;,. 960 140 4 
{> N.H Manchester 0 7.290 140 140 : } 
N.J lrenton 10 7.990 140 140 7.9 
t N. Mex Albuquerque 10 7.450 270 220) 7 
N.Y Buffalo 10 8,720 140 140 8 
1 New York 0 11.660 140 140 
syracuse 10 +, YSO 140 140 ~ 
S 
N Charlotte 10 70 0 140 
1 N.D Minot 0 14,770 1 sae) 
Ohto Cincinnati 0 14 0) 140 280 
] Cleveland 10 11.100 140 140 " 
Okla Oklahoma City 0 17,540 1) 840 s 
- Ore Portland ) 9 630 140 SU 
] Pa Philadelphia 10 10.680 140 R0) ~ 
Pittsburg! 10 14.670 140 10 
o P_R San Juan 4 18) +. 560 140 R40 
; R.I Provident 0 8 440 140 0 . 
3 Ss. Charleston 1) f 70 140 0) “ 
s.D Rapid City 20 14.110 10 HO 
‘J 
lenn Chattanooga 10 7 850 10 0 . 
Mer t 20) Q 36 140 yi) 
i¥ Austin ‘0 10.340 10 R40) 
| Dallas 0 17,720 10 840 s 
U‘a Salt Lake City 20 s1.f¢ ) 270 Th 
> Vt Burlington 0 8 380 140 10 8.48 
, Va Norfolk 10 6.410 140 10 { 
. Was! Seattle 20 +650 TO fi ) 
an. Spokane 20 21,350 10 160 
W. Va Charleston <10 § 830 tb 10 . 
Wis Milwaukee 0 14.320 i) 10) 
] Wyo Laramie 10 19.840 TO OR) ~ 
® The data in this table are index values, not to be interpreted as consumption or total intah values. Ann 4 
’ e calculated from an index value in this table by applying the appropriate fact epresen g vd I 
’ p under consideration 
xample: (12-month I!* index) X (milk consumption factor 12-month I!" intake 
puc day /liter liter /day/person uuc/ person 
‘ Station included in network in July 1962. Sums in columns A and D are therefore for 6 and 7 it f tive 
A dash indicates no analysis 
:, 1 No sample was received in November 1962. Sums in columns A and D are therefore f 1] it 
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SECTION 


Radioactivity in Raw Surface Waters 


NATIONAL WATER QUALITY NETWORK 
October 1962 


IV.—WATER 


Division of Water Supply and Pollution Control, Public Health Service 


The National Water Quality Network, op- 
erated by the Public Health Service in coopera- 
tion with State and local agencies since 1957, 
consisted of 123 sampling stations as of the 
end of October (figure 1). These stations are 
located on the major waterways used for public 
water supplies, propagation of fish and wild- 
life, and recreational, agricultural, and indus- 
trial purposes. Samples are taken weekly, 
monthly, or continuously, depending on the 
type of analysis and the water quality. These 
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FIGURE 1.—NATIONAL WATER QUALITY NET- 
WORK SAMPLING STATIONS, OCTOBER 1962 


April 1963 


samples are analyzed for plankton population, 
organic chemicals, chemical, biological, and 
physical quality, and radioactivity (17, 2). 
The radioactivity associated with dissolved 
solids provides a rough measure of the levels 
which may be found in treated water, since 
nearly all of the suspended matter is removed 
by treatment processes (3). It has been ob- 
served that in water the natural environmental! 
beta activity is usually several times that of the 
Nuclear 
installations may contribute additional alpha 


natural environmental alpha activity. 


or beta activity whereas fallout contributes 
primarily additional beta activity. Gross alpha 
and beta measurments are made on both sus- 
pended and dissolved solids (strontium—90 on 
the total solids only) in raw surface water sam- 
ples according to established procedures (4, 5). 
Because strontium—90 analyses are done quar 
terly, the results are published on this basis. 
For the first two years, beta determinations 
were made on weekly samples, and alpha de- 
terminations were generally made on com- 
posites of more than weekly samples. From 
January 1960 to September 1961, alpha and 
beta determinations were generally made once 
a month on weekly composited samples. Begin- 
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TaBie 1.—RADIOACTIVITY IN RAW SURFACE WATERS—Continued 


{Average concentrations in pc/liter 


October 1962 


Station Beta activity Alpha activity 
|- = 
Suspended Dissolved | Total Suspended Dissolved Total 
nandoah River: Berryville, Va —_ = = 15 | 24 39 0 
» Creek: Anchorage, Alaska Se ees 6 | 13 19 | 0 ) 0 
nongahela River: Pittsburgh, Pa______- seiahiiian aaa adlienaaeienl i 4 29 | 33 
th Pentte Breer: RAGE, NG@BG. ccc cc cccucececccecce a cach del 16 | 48 64 0 20 0 
o River: | i 5 
ES EE ee re re ee - 
SS eee secadiniias ibaa 12 28 | 10 | 1 | 0 1 
funtington, W. Va_.- . OE EE 6 | 21 | 27 | 
incinnati, Ohio acaidiiaiatalia a 13 | 26 | 39 0 0 ( 
es ‘aba = in S | 22 30 | 
ee eticincsie alinacittpth 2 | 15 } 17 1 |} 4 
airo, Ill es 5 21 | 26 | 0} | 
achita River: Bastrop, La ‘ * . 21 | 17 38 | 0 | 0 0 
od Oreille River: Albeni Falls Dam, Idaho . 4 11 15 | 0 | " 
itte River: Plattsmouth, Nebr SMe ES ee ee 17 26 | 43 | + | 2 ¢ 
tomac River: | 
Williamsport, Md___. ~~ signed ee ee eel — | 
jreat Falls, Md_______-- ieee tae CINE Se 2 | 12 | 14 | 
uiny River: 
Baudette, Minn_- ss isla thin ectaiaalieeanantl ee | 5 26 | 31 0 0 0 
EO at ee ere 3 18 21 0 0 0 
ed River, South: | | 
Index, Ark ‘ ae 20 | 52 | 72 
Alexandria, La 53 56 | 109 l 
41 22 | 63 0 ) 
iake River 
Ice Harbor Dam, Wash | 5 22 | 27 0 
Wawawai, Wash | 15 22 37 0 
Payette, Idaho . } 7 18 25 | 0 
ith Platte River: Julesburg, Colo | 30 104 134 2 7 
okane River: Post Falls, Idaho } ll 7 i8 0 0 ) 
isquehanna River: 
Sayre, Pa 12 23 35 
Conowingo, Md 2 12 14 
lennessee River 
Chattanooga, Tenn 6 20 a 0 
Bridgeport, Ala 
Pickwick Landing, Tenn 7 21 8 1 ) 
Lenoir City, Tenn 4 10 14 0 
unbigbee River: Columbus, Miss 1] 16 27 0 
ickee River: Farad, Calif a ae ; : 
Verdigris River: Nowata, Okla on - | 33 25 58 | 1 | 
Wabash River: New Harmony, Ind_- - tile abies ee 2 74 97 | I , 
ikima River: Richland, Wash bawia 2 . 10 14 | 24 0 
ellowstone River: Sidney, Mont . ee 150 26 176 


ling in September 1961, alpha determinations 
have been made on one sample each month, 
and beta determinations have generally been 
made on weekly samples. For the first operat- 
ng year of each new station, sampling, and 
lpha and beta analysis are done weekly. 

If at any time activity significantly greater 
han the normal environmental levels has been 
oted, the rate of sampling and analysis has 
een increased to at least one every week. 
ince January 1959, a portion of each sample 
rom all stations in the network has been com- 
osited into a three-month station sample for 
ieasurement of strontium—90 (6). 

Table 1 presents the results of the alpha and 
eta analyses on raw surface water in the 
‘nited States for October 1962. 
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RADIOACTIVITY IN CALIFORNIA 
SURFACE WATER 
1961—June 1962 


Bureau of Radiological Health 
State of California, 
Department of Public Health 


In March 1960 the Bureau of Radiological 
Health was formed in California’s Division 
of Environmental Sanitation. This Bureau is 
responsible for environmental radiation sur- 
veillance. 

The Bureau was established in recognition 
of the need for baseline data and continuing 
monitoring in order to pinpoint environmental 
radiation problems well before a level of acute 
concern is reached. Domestic water was one 
item selected for monitoring by the Bureau. 
Procedure 

Most of California’s domestic water supplies 
come from surface sources. Radioactivity in 
such water supplies consists of the natural 
radioactivity in surface streams and any radio- 
activity that may be added by the discharge of 
sewage or industrial waste effluents’ into 
streams. These water supplies may also con- 
tain radioactivity from fallout, particularly 
fallout into open terminal or distribution res- 
ervoirs. Most of the supplies sampled represent 
raw surface waters (see figure 2) although a 
few wells, along with some water supplies that 
use infiltration galleries, are also sampled. 

It is necessary to monitor domestic water 
supplies on a continuous basis, since it is im- 
possible to forecast levels of radioactivity in 
these supplies on the basis of radioactivity in 
rain, snow, or surface streams. The California 
Bureau has established a monthly sampling 
schedule whereby 500 ml samples are collected 
and the total solids are analyzed for alpha and 
beta radioactivity. In addition, a _ three-liter 
sample is collected each month for a period of 
six months to make up a composite of approxi- 
mately five gallons for strontium—90 analysis. 


Laboratory Methods 


All measurements of alpha and alpha plus 
beta activities are made with windowless, gas- 
flow, proportional counters. These counting de- 
vices have two decided advantages: (1) win- 
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FIGURE 2.—CALIFORNIA SURFACE WATER 
SAMPLING STATIONS 


dowless counting provides geometry, thereby 2- 
giving efficiencies of about 60 percent for thal- 
lium—204 or cesium—137 sources, both of which 
have been used for calibration, and (2) propor- 
tional counters can be used to separately meas 
ure alpha and beta radioactivity by simply 


adjusting the high voltage, thus eliminating 


the need for two types of detectors. 

Five proportional counters, four of whic! 
are manual counters, are available to the Calli- 
fornia Bureau. The manual counters accept 
samples up to two inches in diameter. Two ot 
these manual units have shielded external de 
tectors which reduce the alpha and beta back 
grounds to 0.01 and 30 cpm respectively. Th: 
other two manual counters are of integral con 
struction with the unshielded detector buil 
into the scaler housing. The relatively hig! 
beta background of these units has been re 
duced to 40 cpm by shielding the entire scale) 
with lead bricks. 

The fifth counter is an automatic unit com 
posed of a sample changer, detector, scaler, anc 
a printer-timer. The detector accepts samples 
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p to 114 inches in diameter and has a beta 
ackground of about 15 cpm. 

The Bureau’s maximum capacity for alpha 
id beta radioactivity measurements during a 
rmal work week is 500 thirty-minute counts. 


SCUSSION 


Tables 2 and 3 show the monthly average 
ta activity in the suspended plus the dis- 
ved solids in raw surface water in California 
‘om January 1961 through June 1962. Follow- 
g treatment, these waters are used for indus- 
ial and domestic purposes. Because alpha 
tivity in water has been, in general, not de- 
ctable or very slight, the results of alpha 


ctivity analyses are not presented. 


TABLE 2 


Concentrat 


Sampling station Jan Feb Mar Apr 

ntioch ? >.0 20.5 10.2 
earlake Highlands . ~ 

8 Palos. : , , 14.2 
ondido. 1.5 13.5 
reka , . ».8 ; 

t Bragg - - 

esno 

Lake Millerton . , 23 .4 56.9 


s Angeles Metropolitan 
Water District 
Lake Havasu 11.f , 17.2 > O 


Lake Matthews 


Marin Municipal Wate: 


District 
Alpine Dam »g 
Mill Valley Rese rvolr : 


North Marin County Water 


District. . 8.8 7.3 5.4 8 
. » 
; 


i l 
pe ‘ s If 
12 


mae) SS to 


iding-. , ( 


scramento > g Hi 8 QR 12.6 
un Diego 


Alvarado Filter Plant ’ : 19 0 
El Capitan Reservoir 8.2 5.7 
Sutherland Reservoir 8.7 g 8 1.9 


in Francisco Water 


Department 
University Mount : 1.4 9.3 
alaveras Reservoir : 1.9 ' 50.5 
\lameda East : 6 


San Andreas Line #1 ; , 2.9 10.5 


n Francisco Water 
Department, Con 


San Andreas Line #2 ‘ : i.8 5.5 


rystal Springs Reservoir ; 
rystal Springs Line #1 : . 5.0 39.9 

smbard Reservoir , ‘ : 14.1 

i Jose . . . 1) 4 
Luis Obispo. 


* No significant activity 


Dash indicates no sample collected or analyzed 
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GROSS BETA ACTIVITY IN C 


ons 


Data from the years 1961 and 1962 for a few 
selected sampling points in different parts of 
the State are presented in Table 4. The data in 
this table are six-month averages. California 
annually experiences both a wet and a dry sea- 
son with an accompanying heavy or light run- 
off, respectively. The period January through 
June corresponds to the wet season with the 
balance of the year being the dry season. If the 
dry seasons of 1961 and 1962 are compared, or 
if the wet seasons of 1961 and 1962 are sim- 
ilarly compared, it may be observed that there 
was a general increase in beta activity from 
1961 to 1962. Although the increases are sig- 
nificant statistically, the levels do not represent 
any significant health hazard. 


ALIFORNIA SURFACE WATER, 1961 


n pyc ‘liter 


\I Jun J \ ~ ( 
7.4 R45 13 ay 
S58 l 6.5 14.4 l } 7.9 
‘ 
15.3 l 
bee! } i 
l 7 7 i7 
0.4 ] ) 4 
27 8 be be Q 
s ~ 7 
( 
y. 1.0) 10.4 | » s 
S 
28.4 70 5 7 ~ 
} 
l 0.0 > 
q 5 - 
2 0 1S s 
0) } ~ ft 
1 +1 » 
6.7 19 7.0 s { 
‘4 
i 
j 7 s 25 .4 
f i & { j 
} 9 
7 ‘} g 45 
11.8 7.4 RY? 0) SS 4 


TABLE 3 


i 
Lake Matthew 
LaVerne Treatment Plant 
Marin Mur al Water Dist 
North Ma ( inty Water Dist 
NI an 
Nl ere 
Napa 
Place 
Redding 
PAaAcTA e! 
San Fran o Water Depa el 
Ur ty Mount 
( ive 4 Reser 
Alameda Ka 
San Andreas Line #% 
( tal Sprin Line #1 
( tal Springs Line #2 
Crystal Springs Raw O 
Lombard Reser 
Bright le We 
llet Hetel 
< lems 
“4 l >} 
San Barba 
Sante ¢ 
( ustal Wate 
il 1 Rosa 
Scotian 
la ve ( 
Valle 
Fleming H 
“Wanz l ¢ 
Vist 
\\ 
Y ose 
‘ igtt iT if 
Dash indicates m i ‘ llected analy 
Average of re tha ne sample for the 1 


SIX MONTH 


Clearlake Highlands 


Fort Bragg 
Lake Millerton 
Monterey 
Placerville 
Redding 
Sacramento 


San Jose 


AVERAGE OF 


Concentrations 


Jan 


GROSS BETA ACTIVITY IN CALIFORNIA SI 


in pec 


liter 


GROSS BETA RADIOACTIVITY 


CALIFORNIA CITIES* 


Concentrations 1 


* Averages based on at least three monthly values 
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mh papa 


liter 


Jan-—June 


1961 
1.9 
7.6 
> & 
4.9 
15.0 
7.0 
0 
18.7 


IRFACE WATER, 


Mar Ay 
31.9 27 
55.4 17 
11.1 25 

} 
240 8 +.) 
218.1 0 
0 15 
23 .9 27 
7 1 
13.8 
H9 8 H0 
10.0 1S 
41.6 20 
22 .t 28 
18.4 +3) 
1] 
AQ 
5.6 :7 
P| 5 
7 34 
i 2 
7 
77.2 7 
1) .0 14 
tO 102 
114.7 6 
1f 
83.0 1 
38 2 
65.1 10 
64.2 17 
73. ) 
15.4 ) 
48. 22 
21 .€ 3 
65 69 


IN RAW WATER IN SELECTED 


July—Dee 
1961 
15.3 
13.3 
8.7 
i.e 
2o.o 
Fut 
14.9 
+. 
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1962 
May 
9 7 
2 ot 
2 19 
o 15 
8) } 
~ 
2 14 
ss 2] 
17 
tt 
9 3 | 
0 5 
10 
4 1) 
t) 28 
Q ’ 
8 37 
8 5 
8 >| 
2 24 
18 
0 20 
8 42 
] 29 
Q 10 
f 10 
5 5S 
] 
l ] 
5 0) 
i 19 
y 4 +3) 
2 70 
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Jan June 


1962 
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le 
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* 
1 
g 
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tadioactivity in Minnesota Surface Water 
.pril-November 1962 


livision of Environmental Sanitation, Minnesota Department of Health 


The analysis of various Minnesota waters 
x radioactivity concentration was initiated in 
956 as part of the Minnesota Water Pollution 
ontrol Program. This program was expanded 
1 1958 to include most of the municipal sur- 
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HALLOCK 3 






INTERNATIONAL 


PrALLse 


; al ¢ orks. / 
ace water supplies as well as selected lakes \y*" i de 
:' e\—-” wT 
hroughout the State. CROOKSTON 


As many as 25 surface streams and lakes in- 
olving 74 stations have been sampled, but 7 
urface streams and lakes involving 11 stations 





= 
ire now sampled routinely (see figure 3). Grab , % 
samples of raw and treated water are collected 2 ry 
weekly at each station with the exception of pel / 
the Crookston, Elk River, International Falls, ve 
and St. Cloud stations, where monthly samples > 


are collected. 





a 
The samples are forwarded to the Division’s ™~ > ae oan 
laboratory where they are analyzed for gross > MINNEAPOUSTS 
beta activity. A 250 ml sample of water is = “>> = ie 
evaporated at 75° C. from a planchet. The solid ¥ . 
residue (suspended plus dissolved solids) is or ag 
fixed by adding lucite in acetone. Afterwards, ; *rammonn 





this sample is counted with either an internal 


‘IGURE 3.—MINNESOTS 
proportional counter or a thin end-window FeGUnS choos A 


SAMPLING 


SURFACE 
LOCATIONS 


WATER 


TasLe 5.—TOTAL BETA CONCENTRATION IN MINNESOTA RAW AND TREATED WATER FROM 


SURFACE SUPPLIES, APRIL-NOVEMBER 1962 


[Concentration in pyc/liter 


Type of 


Town and water source water April May June July August (September October Novembe 
rookston, raw e 51 120 97 oR 10 87 50) 
ed Lake River treated 40 85 5 29 15 oF; 3 
ik River, raw 39 5g 
lississippi River treated 
ast Grand Forks raw 79 104 112 ) 42 12 5 
ed Lake River treated 44 43 5 1 12 28 17 18 

eleth, | raw b 36 9 23 17 9 19 ; 

Mary's Lake treated t 25 3 5 31 | 1 27 
urmont, raw 31 44 64 51 23 2 19 29 
idd Lake treated b 27 15 21 23 27 & 1¢ 
allock, raw 69 9 135 151 78 64 j 6R 
wo Rivers South Fork | treated 41 2 5 89 27 ) 1 50) 
ternational Falls, | raw 15 47 77 49 $7 ; 
ainy River | treated b 22 { b 6 9 
inneapolis Tap Water | raw 

| treated 32 20 11 1] » 

Cloud, | raw b 96 35 t 24 
ississippi River treated 20 44 12 t t 

Paul | raw b b 58 59 45 14 17 10 19 
adnais Chain of Lakes | treated b b 13 ~ 49 21 27 6 7 





* Dash indicates no analysis performed. 


> Letter indicates nondetectable beta activity. 
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a 5 met tel 


proportional counter. Counter standardization 


is accomplished by adding known amounts of 
thallium—204 standard to solutions containing 
the normal range of solids. 

Table 5 shows the monthly average gross 
beta activity in Minnesota surface water from 
April through November 1962. The nondetect- 
able (ND) values shown indicate that the 
activity was indistinguishable from back- 
ground. In averaging, ND values are assumed 
to be zero except when the values to be aver- 
aged consist of only ND values; then the 
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average is reported as ND. 

The data obtained on gross beta activity i 
Minnesota surface waters show a random var 
ation of concentrations, with no readily appa) 
ent trends. Variation in precipitation and flo 
rates of streams could contribute to this vari: 
tion. Monthly averages of gross beta radioa 
tivity in Minnesota raw surface waters range 
from nondetectable to 151 uuc/liter. Individu: 
samples had concentrations that ranged fro 
nondetectable to 220 uyc/liter. 
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SECTION V.—OTHER DATA 


Tri-City Diet Study—Stable Strontium and 
Calcium Diet/Bone Observed Ratios, 1962* 


seph Rivera 


Health and Safety Laboratory, U.S. Atomic Energy Commission 


One aspect of the program of investigation 
the Health and Safety Laboratory on the 
passage of strontium—90 through food chains 
to man has been the determination of the con- 
centrations of stable strontium present in the 
various components of the food chain and in 
ian’s skeleton. Estimates of stable strontium 
ntake by residents of New York City, Chicago, 
nd San Francisco were made in the last quar- 
terly report (HASL-131) (1, 2). The ratios 
f stable strontium to calcium in the diets from 
ese cities were 1.5, 2.3 and 3.4 mg/g Ca, 
spectively. 


An estimate of the degree of discrimination 
‘the body between strontium and calcium can 
made by comparing the ratio of these ele- 
ments in the diet with the ratio found in bone 
served Ratio (OR). 


Data on the stable strontium content of hu- 
man vertebrae obtained in New York City, 
licago, and San Francisco are presented in 
t. ble 1. 
A summary of the data presented in table 1 
d the Observed Ratios found at the three 
c ties is presented in table 2. The average 

leium concentration found in the ashed verte- 


Data from Quarterly Summary Report, HASL- 
2, January 1, 1963. 
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brae was 37°.. This result has been used in 


calculating the Sr/Ca ratios. 
Discussion 

The data show, as expected from the diet 
data, that on the average there is more stable 
strontium in the bone specimens obtained in 
the San Francisco area than those obtained in 
New York City, with samples from Chicago 
having intermediate concentrations. Although, 
there are relatively few samples, the general 
distribution of Sr/Ca ratios with age at each 
of the cities is similar to that found by Bryant 
and Loutit for human bone samples obtained 
in the United Kingdom (3). 

The calculated Observed Ratios are consis- 
tently lower than was expected. Bryant and 
Loutit obtained a bone diet OR of 0.25, a re- 
sult which is consistent with other experiments 
using double tracer techniques as well as esti- 
mates made from strontium—90 measurements 
in human bone (4). 

It is noteworthy, however, that despite this 
difference from the expected value, the OR is 
approximately the same for the three cities 
although the stable strontium intake varies by 
more than a factor of two. 

Before the conclusion can be accepted that 
there is in fact more discrimination by the 
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TasBLe 1.—STABLE STRONTIUM IN HUMAN VERTEBRAE 


New York ( 
Age at death 


vears 


j 


ppm* pe /g C 

0-1 YI 
1-2 7) 
2-3 7 
»—4 55 
1-5 66 
»— OS 
6-7 66 
‘a 76 
Q—10) SY 
10-12 78 
12-14 67 
l4-16 146 
LO-1S bo 
18-20 SI 
0-40 76 
10-60 "114 
> HO “Ts 


* Parts per million in ash 
Assuming 37 percent calcium in ash 


Average of twos imple s 


ity 


Chicago San Francisco 


lasie 2.—STABLE STRONTIUM IN BONE AND DIET 


(ity 


* Ave! ived from data in table 


body against strontium in favor of calcium 
than was previously thought, several sources 
of potential error in O.R. estimates must be 
considered. 

Most of the analyses of foods as well as bone 
were done by emission spectroscopy. A quality 
control program, intercomparing samples with 
results obtained by neutron activation analysis 
and by flame photometry on all types of mat- 
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a” ppm* ug/g Ca? ppm* ug/g Cat 
13S 96 259 93 y 4 
122 122 ; 
154 72 208 

149 65 176 104 2s 
178 116 313 143 3S 
1S4 

178 61 165 

205 73 197 85 2 
240 70 189 

211 133 359 115 3] 
IS] 77 2 
394 6S 1S4 179 $s 
176 | 192 

219 73 197 

204 113 305 9 24 
s0S8 QS “264 105 ss 
211 113 304 76 1,01 

Average mg Sr/g Ca 
Average 


bone diet 


Vertebrae observed 


ratios 
Age < Age Average of 
2U years® 20 vears < We - LB 
1.3 0.195 0.24] 0.218 Q.] 
a 0.221 0.29] 0.256 0.1 
3.4 0.310 0.512 0.411 0) 


rices, showed generally good agreement be- 
tween methods. The estimated precision of the 


analyses was + 5%. 
that bone samples were giving systematical! 
lower results than food samples. 


It is possible that the estimates of the stab] 


strontium intake at the three cities is in erro. 
but if this is the case it is likely that the est 
mate is too low rather than too high since som 


Radiological Health Dat 


There was no evidence 
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tems which may contribute substantially to 
he annual intake of stable strontium have been 
‘xcluded, e.g. tap water. 

Another possible source of error is that ver- 
ebrae may not have the same strontium con- 
ent as other parts of the skeleton. However, 
his possibility does not seem likely on the basis 
f the observations of Thurber, et al. (5) on 
he variability of strontium concentrations be- 
tween bones in eleven cadavers. 

These findings suggest that if there is an 
error in the calculated OR it is probably due 
to an inadequate sample size. More data are 
being obtained on the stable strontium content 
of foods and human bone so that the validity 
of this method for the estimation of strontium- 
calcium discrimination can be more accurately 
established. 


Conclusion 


The average Bone/Diet ratio of the stable 


Radiation Exposure From Luminous 
W. Seelentag and H. Schmier? 


The first Radiation Protection Regulation of 
June 24, 1960, of the Governmental Health 
Agency (West Germany) considers all radia- 
tion exposure of natural or artificial origin, in- 
cluding that from luminous paints. In the sec- 
tion on luminous paints incorporating radioac- 
tive substances (1) firmly adherent luminous 
paints do not require special approval if: 

(a) they do not exceed a limit of 10 
microcuries, except for radium, and 

(b) the dose emitted from the uncovered 
source of radiation at a distance of 
0.1 meter does not exceed 0.1 mil- 
lirem per hour. 

The regulation applies to both the manufac- 
ture and repair of such watch dials. Permis- 
sible “activating” materials are only relatively 
small amounts of radiotoxic substances, ex- 
clusive of radium. This includes promethium— 


‘ Abstracted from Bundesgesundheitsblatt, No. 16: 
285-8 (1961). 

*Prof. Seelentag is Director and Dr. Schmier is 
Scientific Counsel with the Institute for Water, Soil 
and Air Hygiene, National Department of Health, 
Berlin-Dahlem, Germany. 
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strontium to calcium ratio was found to be 
about 0.13. If this number is correct, the body 
in fact has a considerable (7.7 to 1) preference 
for calcium rather than strontium. The major 
source of error is the small sample size. 


REFERENCES 

(1) Rivera, J.: Stable Strontium in Tri-City Diets, 
Fallout Program Quarte rly Summary Re port HASL 
131:230, Office of Technical Service, U.S. Depart 
ment of Commerce, Washington 25, D.C. (October 
1, 1962), price $3.50. 

(2) Rivera, J.: Stable Strontium in Tri-City Diets, 
Radiological Health Data, 4:79-80, Superintendent 
of Documents, Government Printing Office, Wash 
ington 25, D.C. (February 1963). 

(3) Bryant, F. J., and Loutit, J. F.: Human Bone 
Metabolism Deduced from Strontiun Assays, U.K. 
Report AERE-R 3718, Her Majesty’s Stationery 
Office, London (1961), price 8 shillings. 

(4) Kulp, J. L., and Schulert, A. R.: Strontium—90 in 
Man and His Environment, Columbia University, 
Palisades, New York, 1962. 

(5) Thurber, D. L., et al.: Common Strontium Con 
tent of the Human Skeleton, Science 128:256-7 
(1958). 


Watch Dials 


147 or tritium, but not strontium—90, which 
has been used recently by various’ [non- 
German] firms (2, 3). Strontium—90-activated 
dials are not admitted to free sale in German 
commerce. 

Formerly, fluorescent materials to induce 
luminescence consisted mainly of so-called tech- 
nical mesothorium (according to W. Minder 
(4), this meant about 70 percent mesothorium 
and radiothorium and about 30 percent ra- 
dium). In recely years, pure radium predom- 
inated (oral communication from Minder), 
whereby alpha activity served as the main 
means for producing fluorescence, while the 
beta activity and accompanying gamma rays 
produce an unwanted side effect contributing 
to the much discussed radiation exposure of the 
wearer. Currently, efforts are being made to 
achieve the use of pure alpha or beta sources, 
such as promethium—147 and tritium, to mini- 
mize the dose of unwanted gamma rays re- 
ceived by the wearer. 

The official limit for a radiation exposure 
from an uncovered timepiece is 0.1 mrem/hour 
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: 
| 
: [bid 
7 
Jovet. Zurich 
[bid 
I lat & Koren, Oslo 
\ ling tos ntug 
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from a distance of 10 cm. This means 0.88 

rem year, or less than one-fifth the established 

occupational whole-body dose. Watches that do 
not meet this requirement should not be per- 
mitted to be sold. 

Whether the watch user receives an unde- 
sirably high or even harmful dose should be 
considered from three points of view: 

1. According to the physical dosimetric 
or physical amount of activity, i.e., the 
effective amount of radiation. 

2. Biological-medical aspects, which is 
concerned with harmful or potentially 
harmful effects, and 

3. According to whether the radiation ex- 
posure is limited or general. 

Judgement will depend on such questions as the 

consequences and possible benefits of proce- 


— 


dures, as in X-ray diagnostic procedures 
wherein a certain exposure might be justified. 
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TasLe 1.—RADIUM CONTENT OF LUMINOUS DIALS OF MEN’S WRIST WATCHES 



































ug radium equivalent } 
Year 
observations Average Minimal 
value maximal range 
956 0.2 
1956 . 
1957 0.035 0.03 —0.042 
L95S 0.045—-0. 100 i 
1958S 0.36 0.06 —O.S] 
1960 Q.144 0.106-—4.46 
1959 0.19 
1959 0.006—0.165 
according to taxes on 
paint 
} 
1959 0.04 0.00S—0..095 
196] 0.014 0.002—0.045 
German makes (omitting 
extremes) Swiss makes 
lew specimens 0) O70 O.OL3—-0. 175 
All watches (including 0.063 0) .002-0.885 
extremes 
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FIGURE 1.—PERCENTAGE 
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ACTIVITY CONCENTRATION IN pe RADIUM 

FIGURE 1.—PERCENTAGE DISTRIBUTION OF 
TEST WATCHES GROUPED ACCORDING TO 
ACTIVITIES—CONTINUED 

The physical-dosimetric quantities depend 
primarily in the amount of radioactive sub- 
stance present, and secondarily on the way the 
timepiece is used (as wristwatch, alarm clock) 
and on the time involved in its use (day and 
night, days only, nights only). 

Literature accounts of the radium content 
of dials are assembled in table 1; these data 
are supplemented by the authors’ recent find- 
ings. Figure 1 charts percentagewise the dis- 
tribution of activity in watches examined, as 
reported by Joyet (3) in 1957, Seelentag and 
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Klotz (5) in 1959, and our findings in 1961. It 
can be seen that considerable differences in 
activity exist among the timepieces examined. 
Furthermore, there was observed in Germany 
during the years 1958-1961 a notable tendency 
for the amount of activity to diminish. In 
watches examined in 1961, those with higher 
activity (in excess of 0.1 ug radium equivalent) 
were represented chiefly by so-called sport 
watches. The maximum value of 0.9 ug radium 
equivalent was obtained for an older model 
which had a luminous circle. The median values 
shown in table 1 were markedly affected by 
these relatively few watches and would have 
been much lower if they were omitted. Watches 
with ratings of about 5 uc radium, the extreme 
value found by Joyet, did not appear in our 
series. 

With knowledge of the radioactivity present 
in the watch, the radiation exposure of the user 
can be calculated relatively easily. The values 
calculated by Seelentag and Klotz in 1959 are 
given in table 2. The assumption was made 
(for wrist watches) that the average distance 
from the gonads was 30 cm, and the wearing 
time, 24 hours daily; for alarm clocks, the as- 
sumption was a l-meter distance and 8 hours 
daily exposure. 


TABLE 2.—RADIATION EXPOSURE OF INDIVIDUALS 
FROM LUMINOUS DIALS* 


Seelentag & hk 
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* Calculated on basis of scattering of 50 


lose, and 20 pe 


Exposure due to beta radiation, which oc- 
curs in time through the watch glass, was not 
included in the calculations, since its body 
penetration was a few millimeters at most; so 
that any noticeable effect on the whole body, 
the blood-forming organs, or the gonads would 
not be anticipated. In the last line of table 2, 


the local exposure to the forearm is given for 


wristwatches. The beta radiation to the skin 
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need not be counted, since it would be com- 
pletely absorbed by the case and mechanism. 

Joyet (3), and Flatby and Koren (6) meas- 
ured radiation doses in persons for whom spe- 
cial watches or plexiglass blocks were prepared 
and worn, which emitted about 100 times the 
normal activity. Their dosage measurements 
were in agreement with our calculations. Table 
3 presents these dosage values; the calculated 
values were somewhat higher, apparently be- 
cause the average distance to the gonads was 
somewhat greater than the assumed 30 cm. An 
interesting feature of the measurements of 
Flatby and Koren is the observation that the 
gonadal exposure during the 16 daylight hours 
was only about one-fifth of what it measured 
when the watch was also worn nights. 

From the biological-medical point of view, 
we must distinguish between the radiation to 
the whole body (general somatic activity), to 
limited parts of the body surface (local somatic 
activity) and to the genetic substance, which 
involves the possibility of genetic damage. One 
can proceed from the radiobiological findings 
and knowledge of the radiation doses at which 
no effects have as yet been observed; from this 
one can calculate the so-called maximum per- 
missible occupational radiation dose which, ac- 
cording to the recommendations of both the 
International Radiation Protection Commis- 
German Radiation Protection 
regulations, establishes a safety factor of more 


sion and the 


than 10. These recommendations are used also 


in connection with the local exposure to the 
forearm resulting from the wearing of wrist 
watches. 

Since we do not know the threshold level be 
low which certain effects of radiation to the 
whole body and especially mutative effects ma) 
occur, we have to use as our base for the gen 
eral somatic and genetic activity the so-calle 
natural background radiation, which for mil 
lions of years has acted on man and all living 
things on earth. We may assume that radiatior 
levels in the order of natural radiation an 
variations thereof have no greater effects thar 
other factors that exist in our enviroment 
From the point of view of genetics, however, 
we must take into account that modern man 
has been able to generate various artificial 
sources of radiation, introducing the danger 
that their sum may overstep allowable limits. 

Whole-body dose can be correlated, in gen- 
eral, with gonadal dose. For purposes of refer- 
ence for both, table 3 gives this in terms of per- 
centage of natural radiation received by the 
wearer of the wrist watch over the period of a 
year. In the majority of cases, this amounts to 
1—4 percent, but can reach more than 75 per- 
cent in the cases of watches with highest activ- 
ity measured by us, and more than twice the 
natural radiation for the extreme values re- 
ported by Joyet. It must be repeated, however, 
that the dosage limitation by the radiation pro- 
tection regulations alone restrict gamma radia- 
tion of watches to a maximum of 1 ue radium! 


PABLI RADIATION EXPOSURE FROM WRIST WATCHES OF DIFFERENT ACTIVITIES 
Gonadal whole body dose Local dose, forearm 
Activity 
Author ug radium 
equivalent Percent of Percent 
mr/yr natural mr/yt of 
radiation MPD? 

Seelentag & Klotz, 1959 0.04 .3 s.5 2 ,600 4 
Seelentag & Schmier, 1961 0.014 1.8 1.2 850 1.4 

minimum value 0.002 0.3 0.2 122 0.2 

maximum value 0.885 115 77 4.000 90 
Flatby & Koren 0.19 23 15 
Flatby & Koren’ 0.19 4.4 2.9 
Joyet (men's watches 0.14 v8 6.5 
Jovet ladies’ watches 0.06 3.9 2.6 
Joyet (maximum value ‘1.5 10 210 270 ,000 450 
For comparison and correlation against Other activities 
Seelentag 1.0 130 Approx 90 Approx 60 ,000 100 
Flatby, 24 hrs 1.0 120 Approx. 80 
Flatby, (days only 1.0 23 Approx. 15 
Joyet (men’s watches 1.0 70 Approx. 50 
Joyet (ladies’ watches 1.0 65 Approx. 10 


Note 
100 times the activity of normal illuminated dials. 


Doses of Seelentag and coworkers are calculated, and those of Flatby and Koren, as well as Joyet, measured on wearers of watches which had up to 


Background radiation of 150 mr/year assumed, which comparés with the ICRP maximum permissible whole body dose of 170 mr/year for the total 


population 
2>MPD 


Maximumpermissible dose (occupational rate) for. ocal forearm for year = 60 r = 60,000 mr. 


‘ Daytime wearing only (in the row above, however, night wearing is calculated into the estimates). Watches with higher activity should not be worn 
nights, since apparently daytime distance*from gonads is less than that at night. 
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Local exposure to the forearm is given in 
erms of maximum permissible occupational 
lose. It is generally in the order of 1.5—4.5 per- 
‘ent of this maximum permissible dose, but in 
he example of our “‘most active” time-piece it 
an reach nearly 100 percent if worn on a 24- 
iour basis. In Joyet’s series, the maximum per- 
nissible dose can be exceeded by 3 or 4 times in 
vatches of highest activity. 

For estimation of genetic activity, it is not 
nly meaningful to know what radiation levels 
are received by the gonads of the individual 
wearers of the watches, but it is more impor- 
tant to consider the frequency with which such 
watches are worn by the population as a whole, 
and what might be the “average probable re- 
productivity of the wearer’; i.e. the age dis- 
tribution of the wearers. Seelentag and Klotz 
(5) calculated this so-called average genetic 
dose and arrived at a figure of 2 percent of 
natural background. At the established reduc- 
tion for average activity for German watches, 
and also considering a reduction in numbers 
of such watches—fewer than 50 percent of 
men’s wrist watches of recent manufacture 
have luminous dials—the average genetic dose 
should be less than 1 percent of natural radia- 
tion. 

The radiation exposure from luminous dials 
of alarm clocks may be considered negligible, 
certainly by comparison with wrist watches. 


SUMMARY 


In the first Regulations for Radiation Pro- 
tections, paragraph 11 contains definitions of 
harmful or dangerous activity concentrations 
for radiation from luminous dials for individ- 
uals. Recent measurements of wrist watches 
show a definite trend toward a reduction in 
such activity. In the case of German-made 
watches, at least, most have radium amounting 
to less than 0.06 and usually only about 0.02 ug. 
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The radiation dose to wearers of such watches 
amounts to only a small percentage of the 
natural background radiation. The local dose 
to the skin of the forearm ranges around a few 
percent of the maximum permissible occupa- 
tional dose. Exceptions, however, are found 
among watches of foreign [non-German] man- 
ufacture, especially so-called sport watches, 
which may give a whole body radiation ex- 
posure in the order of magnitude of natural 
background radiation, and local forearm dose 
up to the maximum permissible occupational 
dose or even higher. Such watches should not 
be worn all day, and should at least not be 
worn at night. Somatic manifestations, such 
as effects on the blood picture, or local ery- 
thema, or pigmentation of the forearm, do not 
occur even in the latter cases; when they occur, 
it is due to causes other than ionizing radiation. 

Moreover, the average genetic dose from 
these timepieces to the population appears to 
be relatively insignificant, according to current 
estimations; it amounts to only about 1 percent 
of natural background radiation exposure. 
Nevertheless, it should be a basic rule that 
every artifical radiation exposure is undesir- 
able unless—as in the use of ionizing radiation 
in medicine—it is justified. 
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Whole Body Counting 


Whole body counters are being applied 
where the detection of low levels of radioac- 
tivity in the human body is important. One ex- 
ample is the evaluation of hazards to radiation 
workers and the general population. These in- 
struments are also used in human physiological 
and pathological investigations as well as in 
studies related to counter design for special 
purposes. Discussion and presentation of whole 
body counting results in previous issues of 
Radiological Health Data have been limited to 
medical research programs employing thallium- 
activated sodium iodide crystals or liquid 
scintillation solutions. 


GEOGRAPHICAL DISTRIBUTION OF 
CESIUM-137 IN MAN 
July 1958 through September 1962 


Walter Reed Army Institute of Research 


In 1955, cesium—137 was first detected in 
man at the Argonne National Laboratory (1). 
It emits a 0.661 Mev gamma photon, which can 
be quantitatively determined by a_ properly 
calibrated whole body counter. Since cesium is 
physiologically similar to potassium, and for 
the most part exists intracellularly, the cesium— 
137 levels are usually expressed in micro- 
microcuries per gram of potassium. The Walter 
Reed Army Institute of Research, in its pro- 
gram for measuring the cesium—137 levels in 
man, utilizes a liquid scintillation counter at 
Landstuhl, Germany (2) and at Washington, 
D.C. (3), and a thallium-activated sodium 
iodide crystal in a low background shield (3) 
at Washington, D.C. The analyses for cesium-— 
137 have been carried out since 1958. 

Previously published data for the period 
July 1958 through August 1962, together with 
additional data from Landstuhl, Germany, for 
September 1962 are summarized herein (in 
table 1) for the first time by principal geo- 
graphical areas of residence. Although the 
effect of latitude on the cesium—137 burden in 
man is not readily apparent from the data, 
some geographical variation can be _ noted. 
Residents of Europe, including West Germany, 
as shown in figure 1, have higher cesium—137 
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FIGURE 1.—CESIUM-137 BODY BURDENS I) 
RESIDENTS OF SELECTED AREAS 





body burdens on the average than residents it 
the United States and the Far East. 

Figure 1 also shows the effect of the cessa- 
tion of nuclear weapons testing in the decreas- 
ing cesium-—137 body burden from 1959 into 
the first quarter of 1962. Also, the resumption 
of nuclear weapons testing in 1961 is reflected 
by the increasing cesium—137 body burden in 
residents of West Germany in the second and 
third quarters of 1962. The apparent “spiking” 
of the cesium—137 body burdens in residents of 
the far east has not been analyzed for statis- 
tical significance. 

The maximum value tabulated and plotted, 
69 uuc Cs'** gram potassium in the USA for 
fiscal year 1959, is computed to be 0.32°. of 
the maximum permissible whole body burden 
of 3 uc* of cesium-137 for the general popula- 
tion (4). 
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* MPBB for general population lig MPBB of 30 uc 
Cesium-137 (occupational exposure). 
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TABLE 1.—CESIUM-137 IN MAN, JULY 1958-SEPTEMBER 1962 


uuc/gram potassium 


July 1958 | July 1959 Third Fourth First 
Residence through through quarter quarter quartet! 
June 1959 | June 1960 1960 1960 1961 
S A 69 62 tf if 51 
®* (906 744 14 164 170 
t Germany 64 97 15 
82 1299 188 
( 65 2 
f 10 9 
ast t4 12 0 
27 8 28 
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* Numbers in parentheses refer to number of analyses 


" Blank indicates no data 
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Survey of X-Ray Facilities in Los Angeles 


Charles L. Senn,’ Jack C. Rogers,? Joseph Karbus,* Raymond A. Miller, 


Bruce Ault,t and Gerhardt Terhoeven® 
Los Angeles City Health Department® 


Since 1947, the Los Angeles City Health De- 


partment has had legal responsibility for 
radiological health control as a part of its 
verall concern with “toxic chemicals.’ The 


ipplicable ordinance subjects to Health De- 
partment control any substance which emits 
onizing radiation to a degree that may ad- 
ersely affect the health of exposed persons. 
Che Department’s survey in 1956 of shoe 
louroscopy units revealed exposures of chil- 


*Mr. Senn is Environmental Health Director; * Mr. 
‘ogers is Director, Division of Occupational and Ra- 
liological Health; *Mr. Karbus is Health Physicist; 
Mr. Miller and Mr. Ault are Associate Health Physi- 
ists; and ° Mr. Terhoeven is Industrial Hygiene Chem- 
st. "Dr. George M. Uhl is Health Officer for the Los 
Angeles City Health Department. 
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dren to grossly excessive doses of ionizing ra- 
diation. The resulting publicity led to the adop- 
tion of corrective measures and to steps toward 
amending the above ordinance to include au- 
thority to regulate and control machines or 
devices that generate ionizing radiations. 

In keeping with its general policy of develop- 
ing ordinances and rules through the coopera- 
tion of advisory committees, the Department 
organized a radiological health advisory com- 
mittee to assist the Division of Occupational 
Health in criteria for 
establishing a radiation control program. The 
County Medical Society, the Southern Cali- 
fornia Dental Association, the Angeles 
Radiological Society, several research depart- 


developing necessary 


Los 
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ments from each of four universities, manufac- 
turers and users of radioactive equipment and 
materials, companies involved in the X-ray 
equipment and radiation instrumentation field, 
and other experts served on this radiological 
health advisory committee. In addition to iden- 
tifying the areas of concern in radiological 
health control, it was necessary to determine 
the extent to which licensed practitioners 
should be governed and the need for amend- 
ment of existing ordinances to cover both mate- 
rials and machines. The concept agreed upon 
was that the rules should, among other things, 
prohibit wnintentional ionizing radiation. De- 
tailed rules and regulations were adopted, pro- 
viding for the development of programs and 
for implementing the inspection work asso- 
ciated with their enforcement. 

As one phase of its radiation control pro- 
gram, in July 1962 the Health Department 
completed initial inspections of approximately 
2,700 radiation facilities in the city of Los 
Angeles. These facilities are divided basically 
into three major categories: medical, dental, 
and industrial. The results of the inspections 
conducted in the medical and dental fields, 
which accounted for approximately 94 percent 
of the combined total of all radiation facilities 
in Los Angeles, are discussed and presented 
in figures 1 and 2. 


SURVEY FINDINGS 
Medical X-Ray Facilities 


A total of 1,398 medical facilities was in- 
spected, representing 52 percent of all radia- 
tion installations in the city. This included ap- 
proximately 2,000 medical X-ray machines of 
all types—an average of slightly below 1.5 
machines per facility. All medical specialties 
and installations were covered, including ra- 
diologists, general practitioners, chiropractors, 
veterinarians, podiatrists, and hospitals. 

The following factors were considered in the 
inspection and evaluation of the facilities: (1) 
size of the primary (useful) beam delivered to 
the patient; (2) filtration; (3) direction of the 
primary beam; (4) operator protection; (5) 
occupancy of adjacent areas; (6) assessment 
of total exposure to individuals and/or areas. 

1. Beam Size or Collimation.—Evaluation 
was guided by the principle that the useful 
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beam should be no larger than necessary foi 
the desired diagnostic or therapeutic purpose 
Generally, this means that the beam size should 
not exceed the size of the film used in a par. 
ticular X-ray examination. Film ranged in sizé 
from 8 x 10 inches to 14 x 36 inches. With a 
circular cone, a 14 x 17-inch chest film woul 
require a 22-inch diameter beam. Since many) 
X-ray operators have difficulty in centering the 
beam on the film, it was considered reasonable 
to make an allowance in beam size of an addi 
tional inch on each side. Thus, for a 14 x 17- 
inch chest film, the beam could be as large as 
24 inches in diameter. 

Excessively large beams were found in 41 
percent of all chest radiography units, 20 
percent of trunk radiography units, and 19 
percent of units for extremity exposures. Par- 
ticular importance was attached to trunk ex- 
posures, since the reproductive area was fre- 
quently exposed, even though not of diagnostic 
interest. Fewer than 5 percent of the total 
medical facilities had available and used ap- 
propriate gonadal shielding. 

Recommendations.—Facilities with exces- 
sive beam sizes were given written notice or 
assistance to correct deficiencies. This gen- 
erally involved getting a new device (cone) or 
proper application of available cones. Fewer 
than 10 percent of all X-ray machines were 
using new adjustable collimating devices 
which permit accurate setting of beam size 
relative to film size and target-to-film distance. 

The following future actions are planned: 

a. Mark all collimators according to use 
and application, and educate operators 
in proper cone use and selection. 

b. Require purchase of and application of 
proper local gonadal shielding. 

c. Recommend use of rectangular shutter 
collimators wherever possible, partic- 
ularly in new installations. 

2. Filtration.—Evaluation was based on the 
standard requirement of 1.5 mm of aluminum 
equivalent for X-ray machines operating under 
70 kvp and 2 to 2.5 mm for units operating at 
70 kvp and above (1). Approximately 45 per- 
cent of medical radiographic facilities were 
found to have inadequate filtration. Some of 
the older units with no added filtration had an 
inherent filtration of approximately 0.5 mm 
aluminum equivalent. Such machines were 
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ften required to have an additional 2 mm alu- 
ninum provided. The range of kilovoltages 
ised in a typical medical facility for the vari- 
us radiographic techniques involved suggests 
hat not one but two standard filter thicknesses 
should be applied for the low and high kilovolt- 
ge ranges used. 

Recommended future activities on _ filtra- 
iOns.— 

a. Advise selective application of filters in 
medical offices. A total of 1.5 mm total 
should be provided in the beam path 
for techniques below 70 kvp and an ad- 
ditional 1 mm or 2.5 mm total should 
be provided for over 70 kvp techniques. 

b. Determine field method of evaluation of 
filtration characteristics of X-ray units. 

c. Furnish a medical X-ray bulletin. 

3. Operator Protection.—Eleven percent of 
all installations were found to have inadequate 
protection for the X-ray operator. A “suitable 
protective barrier’ was interpreted to mean a 
built-in booth, a separate room or area. a fixed 
or portable lead shield, or a means of locating 
the control button outside of the X-ray room 
behind a wall of at least two-sided standard 
plaster. An additional criterion was a provision 
for the operator to be able to view the patient 
so that he would not have to leave his protec- 
tion during exposure. 

Tests of a limited number of operations re- 
vealed that some operators actually received 
less than 10 mr/week where an adequate pro- 
tective barrier did not exist. This was due to 
limited utilization of the machine; 62 percent 
of all medical facilities had workloads averag- 
ing less than 10 milliampere-minutes per week. 

4. Exposure Record.—Twenty-one percent 
f all facilities had employed a personnel moni- 
oring service within the last four years. The 
najority of these facilities had records indicat- 
ng that exposures received by X-ray operators 
vere consistently below the permissible aver- 
ize weekly dose of 10 mr (1). In practically 
‘very case, these facilities had a suitable pro- 
ective barrier for the operator. An occasional 
ligh exposure (over 100 mr per week) could 
ften be attributed to misplacement of the film 
vadge in the X-ray room or to actual expo- 

ures resulting from repeated holding of pa- 
ients and therefore direct beam exposure. 

Recommended future activities on exposure 


\pril 1963 


record.—In all installations where operator 
protection is found inadequate, routine pocket 
chamber exposure tests will be made to deter- 
mine exposure doses received and thereby to 
evaluate the significance of hazard. 

5. Exposure and Occupancy in Adjacent 
Areas.—In a limited number of cases, field 
tests were conducted where a potential expo- 
sure problem was suspected in an adjacent 
uncontrolled room or area. Measurements in 
practically every case indicated that total 
weekly exposure in the uncontrolled area fell 
below 10 mr. Where high workloads existed, 
the rooms generally had heavy lead shielding. 





Veterinary X-Ray Usage Facilties 


Inspection of veterinary installations indi- 
cated that most units were handled acceptably. 
Collimation could usually be accomplished by 
adapting some of the dental collimators used 
in the program. Emphasis was placed on the 
use of lead aprons and gloves for the operator 
who must of necessity hold the animal for ra- 
diography. 

Chiropractic X-Ray Facilities 

The chiropractic profession in California is 
licensed in the healing arts and is considered 
qualified to use X-ray for diagnostic, radio- 
graphic, and fluoroscopic work. A major por- 
tion of the equipment in use by this group was 
over 10 years old and generally not up to stand- 
ards with respect to filtration and collimation. 
The largest problem was lower spinal X-ray, 
which immediately involves gonadal exposure. 
By working with members of this profession 
experienced in roentgenology, it was possible 
to promote better standards of protection to 
both the patient and the operator. 

Fluoroscopic Units 

It was noted that many general practitioners 
had fluoroscopic units, most of them of the up- 
right cabinet type and over 10 years old. Fil- 
tration was below standard in most instances. 
Many of the shutter stops were misadjusted, 
allowing emergence of the primary beam be- 
yond the edges of the leaded glass screen. The 
use of fluoroscopy was, however, found to be 
diminishing to an occasional spot check of 
short duration, and many had ceased using it 
entirely. Almost all units used by radiologists 
were well above minimum requirements (1). 
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FIGURE 1.—SUMMARY OF SAMPLING OF MEDICAL INSTALLATIONS INSPECTED 


Photofluorographic Units 

A survey of health department X-ray facil- 
ities revealed that many photofluorographic 
units were using blue flourescent screens with 
a blue sensitive film. Information from the U.S. 
Public Health Service, confirmed by an equip- 
ment manufacturer, had indicated that a green 
fluorescent screen would result in a 50-60 per- 
cent reduction in whole body radiation. Cor- 
rection of this condition accomplished a sub- 
stantial reduction in unnecesary ionizing radi- 
ation. 


Installation Usage and Workload 


Figure la—e summarizes the usage and work- 
load of medical installations inspected. 


Dental X-Ray Facilities 


The total number of dental facilities in- 
spected was 1,119, with 1,455 X-ray machines, 
or an average of 1.3 machines per facility. The 
program included inspection, assessment and 
correction, where necessary to reduce unneces- 
sary exposure, based on factors corresponding 
to those evaluated in the medical program. 
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1. Collimation.—Figure 2a shows the find- 
ings with regard to beam size of the dental! 
X-ray units surveyed. Forty-three percent of 
all units were corrected on the spot for exces- 
sive beam size by insertion of a lead collimator 
which reduced beam diameter to the standard 
requirement of 2.75 inches (1). Twenty-seven 
percent of all units inspected were found to 
have an average beam diameter of 3.5 inches, 
resulting in an exposure area 40 percent large) 
than needed. Six percent had an average bean 
diameter of 4.5 inches, resulting in a 62 per 
cent larger exposure area of the face tha) 
necessary. Following all corrections, an aver 
age area reduction of 27 percent was achieved 

Future activities proposed are: 

a. Installation of collimators where neces 
sary. 

b. Educational programs to assure thei 
proper use. 

c. Continued effort to insure that nev 
equipment is satisfactorily collimated. 

2. Filtration.—The_ distribution of _filte 
thicknesses in mm of aluminum equivalent i 
presented graphically in figure 2b. Forty-on 


Radiological Health Dat: 











ie 








v 


1e] 








J 



























































100 100 100 
_ 80 _ 80 _ 80 
© © ~ 
>> ~~ ~ 
: 60 56 2 60 49 > 60 55 
= . : 
ra 39 z D 
= 5 24 5 
S 9 ns \7 
= 20 2 20 10 12 s 20 
0 0 0 
3and 3t04 4 and o-S 10 15 20 25 0-0.5 O5-1.5 Over 1.5 
Below Above 
seconds 
beam diameter millimeters aluminum 
(inches) equivalent filter 
2a.--Collimation 2b. --Filtration 2c.--Exposure time 
100 100 100 
80 80 2 80 
= n= | ~ 
: 60 5 ® 
> 60 o 60 c 60 
> a Nn 
- 3 
@ 40 = 40 # 40 a 
= 25 a 24 26 25 S 24 
8 © 
2 20| 45 2 20 18 ~ 20 
Pv T 7 
@) oO 
0-2 2-4 Over4 0-05 OS-l I-2 2-4 ovens o-S 5-15 15-50 OvER BO 


minutes 


2d.--Development time at room 
temperature 


minutes/week 


2e.--Workload 


ma. min/week 


2f.--Workload 


FIGURE 2.—SUMMARY OF SAMPLING OF DENTAL INSTALLATIONS INSPECTED 


percent of all dental units had inadequate fil- 
tration, based on standards of 1.5 mm alumi- 
num equivalent for 65 kvp units and 2.5 mm 
rr 90 kvp units. Correction was made on the 
pot by the addition of necessary filtration 
vhere needed. The average amount of filtra- 
on added to the machines corrected was ap- 
roximately 0.9 mm of aluminum equivalent. 
he great majority of corrections were made 
» the 65 kvp machines found to have only 0.5 
im inherent aluminum equivalent and no 
dded filtration. In these cases, the addition of 
mm aluminum brought about a reduction of 
) percent in total radiation exposure. 
Further activities will be directed to: 
a. Determination of a _ suitable field 
method to evaluate inherent filtration 
characteristics of X-ray units. 
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b. Installation of filters in dental ma- 
chines that did not previously receive 
needed filters. 

3. Operator Protection.—Protection afforded 
by either a fixed or portable lead shield or by a 
standard plaster wall was observed in 36 per- 
cent of all facilities inspected. Where unneces- 
Sary operator exposure was noted, recommen- 
dations for change in position were made. 

During subsequent visits, operator and area 
exposure determinations will be made to eval- 
uate if exposure is excessive and/or if film 
badging is needed. 

4. Exposure and Development Time.—Of 
all units inspected, 17 percent had exposure 
times averaging less than 0.5 seconds and 28 
percent more had exposure times averaging 
1.5 seconds, as shown graphically in figure 2c. 
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The first group generally used 90 kvp machines 
or high speed films or both; in the long-expo- 
sure group, many had average exposure times 
of 3 seconds or longer. The middle group, com- 
prising 55 percent of the total, used predom- 
inately 65 kvp machines with mechanical 
timers and medium speed commercial film. The 
one-second average exposure of this group is 
considered reasonable. The use of high speed 
film would reduce exposure significantly, but 
the difference in radiographic image appears 
to present a fundamental objection to dentists 
who are accustomed to medium speed film. 

The control of development factors such as 
solution quality was in most cases entrusted to 
a commercial supplier on a monthly basis. As 
shown in figure 2d, only 25 percent reported a 
development time of 4 minutes or more at room 
temperature. The other two groups, represent- 
ing 75 percent of all facilities, are considered 
to be underdeveloping; in other words, they 
were overexposing to produce equivalent film 
density. 

In continuance of the program it is proposed 
to: 

a. Evaluate mechanical timers for ac- 
curacy. 

b. Increase educational efforts to convince 
dentists of the value of proper dark- 
room procedures and equipment to re- 
duce exposure times, including the use 
of faster film. 

5. Exposure Records.—A very small per- 
centage of facilities inspected could produce 
evidence of any cumulative radiation surveil- 
lance such as a film badge service. During the 
survey, limited exposure tests were made, re- 
vealing varying degrees of exposure. The re- 
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quirement for a film badge exists if 25 percent 
of the MPD (100 mr/wk average) is exceeded 

Future plans include dose studies of person 
nel and areas, employing pocket chambers o 
the Division. 

6. Workload.—The_ shielding requiremen 
standards of Handbook 76 (1) establish 
workload figure of 800 ma-minutes for a bus) 
dental installation. Only one facility in the Cit: 
of Los Angeles approached this workload. Fig 
ures 2e and 2f show the distribution of work 
load in minutes per week and milliamp minute 
per week, respectively. Approximately 60 per 
cent of all facilities had a weekly workload be 
low 15 ma-minutes, and only 7 percent exceec 
50 ma-minutes per week. 
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“nvironmental Levels of Radioactivity at 
Atomic Energy Commission Installations 


sETTIS ATOMIC POWER LABORATORY 


Vestinghouse Electric Corporation, Pittsburgh, Pennsylvania 


wast Half of 1961 and First Half of 1962 


The Bettis Atomic Power Laboratory 
BAPL), operated for the Atomic Energy 
‘ommission by Westinghouse Electric Corpora- 
ion, was established in 1949. Since that time 
;APL has been engaged in research and devel- 
pment work related to naval atomic propul- 
sion systems and the central station atomic 
power reactor at Shippingport, Pennsylvania. 


Liquid Radioactive Waste Disposal 


The liquid effluent from the Laboratory is 
sampled continually, and a composite sample is 
collected and analyzed weekly. This effluent in- 
cludes the discharge from the Laboratory 
storm drainage system so that it may include 
some activity from fallout. The average con- 
centrations of gross radioactivity and stron- 
tium—90 are presented in table 1. 


TaBLe 1.—RADIOACTIVITY IN LIQUID WASTES 


Concentrations in puc liter 


88 activity” 
trontium-¥0O 


The environmental MPC for gross radioactivity in water is 2,000uu 
rif Sr®, | Pb2!°, Po? Ra*4, Ra®, Ras, Pat, and Th-nat are not 


mpared with its appropriate MPC. According to recent FRC recon 

endations, a group of nuclides may be considered not | f the ratio 
each nuclide to its appropriate MPC is equal to or less than and if 
e sum of these ratios for the group in question is equal to or less than 4 


irst quarter only; second quarter analysis not yet available 


resent 


‘eta-Gamma Background Levels 


Beta-gamma background levels are continu- 

usly monitored and recorded at a monitoring 
tation located inside the western boundary of 
ie laboratory property, as shown in figure 1. 
verages for 1961 and the first half of 1962, 
018 and 0.021 millirads per hour respectively, 
iay be compared with the 0.01 to 0.04 mr/hr 
inge measured throughout the United States 
y the Radition Surveillance Network, Public 
lealth Service, during 1961 and 1962. 
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FIGURE 1.—BETTIS ATOMIC POWER LABORA- 
TORY SAMPLING STATIONS 


Fallout 


Monthly fallout samples are collected at the 
eight stations shown in figure 1. Due to the 
locations of the stations, the measured activity 
may include both fallout from the atmosphere 
and activity resuspended because of the move- 
ment of vehicles and construction work. The 
results presented in table 2 reveal no substan- 
tial differences between upwind and downwind 
fallout rates, but the effect to weapons testing 
in late 1961 becomes apparent in the fourth 
quarter data. 


TABLE 2 AVERAGE BETA ACTIVITY IN FALLOUT 


U pwind 13 183 


Downwind 16 4 273 


June 1962 results not available 


ow 


lie nt anneal 


Soil Sampling 

Soil samples are collected at 11 sampling loca- 
tions as shown in figure 1 during the second 
and fourth quarters each year. The fourth 
quarter 1961 average concentrations in soil 
based on the eleven samples were 84 uuc a/g 
and 43 uue B-y/g. Soil samples collected during 


Reported Nuclear Detonations 
March 1963 


Only one nuclear detonation was announced 
by the Atomic Energy Commission during the 
month of March 1963. Arbitrarily referenced 
by Radiological Health Data as test number 


i) 
t 
to 


the first half of 1962 had average concentra- 
tions of 55 uuc a/g and 35 uuc B-y/g. 


Previous coverage in Radiological Health Data: 
Period Issue 
1959 and first quarter 1960 November 1960 
Second quarter 1960 January 1961 


Third and fourth quarters 1960 October 1961 
First and second quarters 1961 April 1962 


101, this test of low yield range was conducted 
underground at the Nevada Test Site. (Low 
yield range has been announced as being less 
than 20 kilotons yield.) 
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Tcas«< 


mrad__.._-- 
mrem.-..... 


mr/br.....- 


_...-| cubic meter_-_-_--_- 


_...-.| millimicrocurie 


UNITS AND EQUIVALENTS 


Name 





----| billion electron volts 
count per minute 

_...| disintegration per minute 

gram 

wieteatgil MII dina shias teins 

square kilometer 

.| kilovolt peak 


....| milliampere 
milliampere-second 
million electron volts 
square mile 

milliliter 

millimeter - - - - 


millirad 
millirem 
milliroentgen per hour 


nanocurie-___- 


nanocurie per square meter 


picocurie - - - - 
roentgen 
..| micromicrocurie 











= 2.59 mc/mi? 
= l pe = 1 wuc = 10 curies 


--| 1 wue = 2.22 dpm 





Ls i pre sented below 
Equivalent 
| 1 kg = 1000 gm = 2.2 poun 
} 
| 
1 m? = 1000 liters 
- 
..| precipitation: 
| muc/m? 
mm = — xX 1000 
MuC liter n 
l muc = l ne 
Ine = 1000 pe = 1 mu 1e8 
1 nc/m? = 1 muc/m? 
= 1,000 uuc/m? = | me/km? 
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